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A késői egyenirányító káliumáram 
gyors és lassú komponensét egyaránt gátló 
azimilide hatása kutyaszív kamrai 
munkaizom és purkinje rostjaira 
Kulcsszavak: azimilide, késői egyenirányító káliumáram, papilláris izom, Purkinje rost, 
akciós potenciál 
Összefoglalás: Különböző emlősök kamrai szívizomzatában a késői egyenirányító káliumáram (IK) 
két, egy gyorsan ( y , és egy lassan (1,3 aktiválódó komponense található meg. Az azimilide (NE-
10064) terápiás koncentrációban egyaránt blokkolja az I -t és I^-t, magasabb koncentrációban pedig 
más ionáramokat is befolyásol. A szerzők kísérleteik során az azimilide különböző koncentrációinak 
(03 pM; 3,0 pM; 10,0 pM) hatását vizsgálták standard mikroelektród technika alkalmazásával végezték 
37°C-on kutyaszívből izolált jobb kamrai intakt papilláris izmon és Purkinje rostokon. Az azimilide 
1000 ms-os ciklushosszú ingerlési frekvencia esetén az akciós potenciál időtartamát (APD) a 
koncentráció növelésével arányosan nyújtotta papilláris izomban [0,3 pM: 3,8±0,7%, n=8; 3,0 pM-os: 
10,6±1,5%, n=9; 10,0 pM: 18,0±3,0%, n=7 (átlagiS.E.)], míg Purkinje rostokban az APD 
koncentrációarányos nyúlása csak 3,0 pM-ig volt megfigyelhető (0,3 pM: 9,5+1,9%, n=8; 3,0 pM: 
24,1±4,2%, n=9; 10,0 pM: 23,5±6,1%, n=8). A szer az APD-t 3,0 pM-os koncentrációban papilláris 
izmon és Purkinje rostokon egyaránt fordított frekvenciafüggő módon befolyásolta [papilláris 
(ciklushossz (CL) = 300 vs. 5000ms): 10,6±4,3%vs. 24,8±ll,3%,n=10;Purkinje(CL=300vs. 3000 
ms): 7,1±5,4% vs. 49,3134,8%, n=9]. Jobb kamrai papilláris izmon az azimilide frekvenciafüggő 
módon gátolta az akciós potenciál felszálló szárának meredekségét (Vmax) 10,0 pM-os koncentrációban 
(CL=300 vs. 5000 ms: -21,7111,7% vs. -1,8112,8%, n=7), ami ún. „use-dependens" Na'-csatorna 
gátló hatásra utal. Az ATP-függő K'-csatornákra ( 1 ^ ) kifejtett esetleges hatás vizsgálata során a 
szerzők arra a következtetésre jutottak, hogy a szer az ATP-függő K'-áramot nem befolyásolja. Az 
azimilide terápiás koncentrációban a többi III. osztályú szerhez hasonlóan fordított (reverz) 
frekvenciafüggő hatással és magasabb koncentrációban Na*-csatorna gátló hatással is rendelkezik. 
Keywords: azimilide, delayed rectifier potassium current, papillary muscle, Purkinje fiber, 
action potential 
Summary: In the ventricular muscle, two components, a rapidly activating (1.3 and a slowly activat-
ing component (1^), of delayed rectifier potassium current (IK) have been demonstrated in various 
mammalian cardiac preparations including man. Azimilide (NE-10064), a recently developed 
antiarrhythmic agent, was reported to block both and at therapeutic concentration and it affected 
also other currents at higher concentrations. The cellular electrophysiological effects of azimilide were 
studied by these authors at various concentrations [03 pM; 3,0 pM; 10,0 pM) in canine right ventricu-
lar papillary muscle and Purkinje fibers by applying the standard microelcctrodc technique at 37 °C. At 
a stimulation cycle lenght of 1000 ms azimilide prolonged the action potential duration (APD) in a 
concentration-dependent manner in papillary muscle [0,3 pM: 3,8+0,7%, n=8; 3,0 pM-os: 10,6+1,5%, 
n=9; 10,0 pM: 18,0+3,0%, n=7 (mean+SEM)]. In Purkinje fibers the concentration-dependent prolon-
gation of the APD was only observed up to 3,0 pM at the same stimulation rate (0,3 pM: 9,5±1,9%, 
n=8; 3,0 pM: 24,1±4,2%, n=9; 10,0 pM: 23,5+6,1%, n=8). The drug, at concentration of 3,0 pM, 
lengthened APD in a reverse frequency-dependent manner both in papillary muscle and Purkinje fibers 
[papillary muscle (cycle length (CL)=300 vs 5000 ms): 10,6±43% vs. 24,8±113%, n=10; Purkinje 
fiber (CL=300 vs. 3000 ms): 7,1±5,4% vs. 49,3134,8%, n=9]. In right ventricular papillary muscle 
10,0 pM azimilide depressed the maximal upstroke velocity of the action potential (Vmax) in a fre-
quency-dependent manner (CL=300 vs 5000 ms: -21,7111,7% vs. -1,8112,8%, n=7). The possible 
effect on the ATP-sensitive K'-channel (I^p) was also studied and it was suggested that azimilide 
does not influence the ATP-sensitive K*-current. It was concluded that at therapeutic concentration 
azimilide, like other class III antiarrhythmic drugs, has reverse rate-dependent effect on the repolarization 
and at higher concentration it blocks the Na*-channels in a use-dependent manner. 
Munkahely: *Karolina Kórház, Kardiológiai Osztály, Mosonmagyaróvár; 
BSSZOTE Farmakológiai és Farmakoterápiai Intézet; 
cMTAkadémia, Keringésfarmakológiai Kutatócsoport, DSZOTE I. sz. Belklinika, Szeged 
Levelezési cím: Prof. Dr. Papp Gyula, SZOTE Farmakológiai és Farmakoterápiai Intézet 
6701 Szeged, Dóm tér 12., Pf. 427 • E-mail: papp@phcol.szote.u-szeged.hu 
B e v e z e t é s 
A kü lönböző ritmuszavarokat kelet-
kezésük mechan izmusa i szerint há-
rom csoportra oszthatjuk fel: kóros in-
g e r ü l e t k é p z ő d é s , k ó r o s i nge rü l e t -
vezetés és a kettő kombinác ió ja (1). 
Mindegyik mechan i zmus hát terében 
a sz ív izomsej tek alapvető celluláris 
e l e k t r o f i z i o l ó g i a i s a j á t o s s á g a i n a k 
(membránpotenciá l , kü lönböző pum-
p a m e c h a n i z m u s o k , t r anszmembrán 
ionáramok) vál tozása húzódik meg . 
A ritmuszavarok kezelésében m a már 
mér fö ldkőnek számító C A S T (Car-
d iac A r r h y t h m i a Supress ion Tria l ) 
v izsgála t (2) ó ta , ame lyben a Na+ -
c s a t o m a gát ló f lecainid és encainid 
mortalitást fokozó hatásáról számoltak 
be, az aritmiakutatás és a gyógyszeres 
kezelés egyre inkább a Vaughan Wil-
l iams féle klasszifikáció (3) III. osz-
tályába tartozó, a repolarizációt nyúj tó 
szerek felé helyeződött át. 
A s z ív i zomse j t ek repolar izác ió-
j á b a n az egy ik leg je len tősebb szere-
pet a késő i e g y e n i r á n y í t ó k á l i u m -
á ram (IK) tölti be, me lynek két, egy 
gyorsan (IKr), i l letve egy lassan (IKs) 
ak t ivá lódó k o m p o n e n s é t írták le kü-
lönböző emlősök kamra i sz ív izom-
zatában ( 4 , 5 , 6 , 7 , 8). A leg több III. 
osz tá lyú ant iar i tmiás szer hatását a 
gyors k o m p o n e n s szelektív gát lásá-
val fej t i ki és ezáltal m e g n y ú j t j a a re-
polar izác ió időtar tamát . Ezek a sze-
rek ál talában az akciós potenciál idő-
ta r tamát a l ac sonyabb ingerlési f rek-
v e n c i á n á l j e l e n t ő s e b b e n n y ú j t j á k , 
amit fordított (reverz) f rekvenciafüg-
gésnek hívunk (9). AI I I . osztályú an-
t iar i tmiás szerek ezen hatása kor lá-
t o z z a a l k a l m a z á s u k a t , m i v e l a la -
csony szívfrekvencia esetén az egyéb-
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ként is hosszabb időtartamú akciós 
potenciállal rendelkező Purkinje ros-
tok és az ún. midmiokardiális kamrai 
munkaizomrostok (M-sejtek, 10) 
repolarizációja túlzott mértékben 
megnyúlhat. Ez egyrészt repolari-
zációs inhomogenitást okozhat, más-
részt a repolarizáció teljessé válása 
előtt újabb depolarizációs potenciál-
hullám, ún. korai utódepolarizáció 
(EAD) keletkezhet, ami a környező 
kamrai munkaizomrostokra teijedve 
az inhomogén szívizomban extra-
szisztolét, illetve torsade de pointes 
típusú kamrai tachikardiát válthat ki. 
A reverz frekvenciafüggő hatást az 
IKr és IKs kinetikai jellemzőinek in-
terakciójával magyarázzák (11,12), 
és egyes feltételezések szerint az IKs 
áram szelektív blokkolása frekven-
ciától függetlenül növeli az akciós 
potenciál időtartamát, ami kedvező 
lehet ezen szerek fentebb említett 
proaritmiás hatását illetően (13,14). 
A legtöbb III. osztályú antiarit-
miás szer (pl. d-sotalol, dofetilide, E-
4031) metánszulfonanilid vegyület, 
mely szelektíven gátolja az I&-t. Ez-
zel szemben az azimilide (NE-
10064), egy klorofenilfuranil szár-
mazék, mely terápiás koncentráció-
ban egyaránt blokkolja az I&-t és 
IKi-t, magasabb koncentrációban 
pedig más ionáramokat is befolyásol 
(15). Meggyőző klinikai vizsgálatok 
támasztják alá az azimilide hatásos-
ságát pitvarfibrilláciő, pitvari flattern 
Is paroxizmális szupraventrikuláris 
tachikardia kivédésében (ASAP -
Azimilide Supraventricular Arrhyt-
timia Program, 16). Az infarktuson 
átesett, magas rizikócsoportba tar-
tozó betegek esetében a hirtelen halál 
rizikójának megelőzésében jelenleg 
¡s folyó multicentrikus tanulmánytól 
pedig a mortalitás csökkenését vár-
iák (ALIVE-Azimilide Post-Infarct 
Survival Evaluation, 17). 
Mivel az azimilide celluláris szív-
ülektrofiziológiai hatásai nem kel-
lően tisztázottak, a jelen tanulmány-
ban az azimilide különböző koncent-
rációinak in vitro szívelektrofizioló-
pai hatását vizsgáltuk kutyaszív 
obb kamrai papilláris izmán és 
Purkinje rostjain. 
Kísérleti módszer 
A vizsgálatok Na+-pentobarbitállal 
(30mg/kg iv.) túlaltatott hím és 
nőstény korcs kutyák (testsúly: 8-16 
kg) szívéből preparált intakt jobb 
kamrai papilláris izmon és szabadon 
futó Purkinje rostokon történtek. A 
preparátumokat módosított Locke 
oldattal (128,3 mM/1 NaCl, 21,4 
mM/1 NaHCOj, 5,0 mM/1 KC1,10,01 
mM/1 D-glukóz, 1,8 mM/1 CaCl2, 
0,42 mM/1 MgCl2) átáramoltatott 
szervfürdőben rögzítettük és a táp-
oldatot, 37°C-on tartva, folyamato-
san karbogén gázzal (95% 0 2 és 5% 
C02) buborékoltattuk át. A prepará-
tumokat a beállási idő alatt 2 ms 
időtartamú kétszeres ingerküszöbű, 
papilláris izom esetében 1000 ms-os 
(1 Hz), Purkinje rostnál pedig 500 
ms (2 Hz) ciklushosszú impulzu-
sokkal, bipoláris platina elektródok 
közvetítésével ingereltük (HSE 
Stimulator Type 215/II.): Az ingerü-
letet, illetve az akciós potenciált a 
készítmény felszínére helyezett bi-
poláris ezüstklorid elektródhoz rög-
zített, 3 M KCl-ot tartalmazó 5-20 
Mfí ellenállású, üvegkapilláris mik-
roelektród segítségével vezettük el és 
erősítő-szűrő rendszeren (Biologie 
Amplifier VF 102, Claix, France) 
keresztül oszcilloszkópba (Tektronix 
2230 100 MHZ Digital Storage Os-
cilloscope), illetve számítógépbe 
(386 MHz IBM kompatibilis kom-
puter, ADA 3300 analóg-digitális 
jelátalakító) juttattuk. A laboratóriu-
munkban korábban kifejlesztett HSE 
APES szoftver alkalmazásával a kö-
vetkező paramétereket vizsgáltuk: 
nyugalmi potenciál (RP) [Purkinje 
roston maximális diasztolés poten-
ciál (MP)], ingerületvezetési idő 
(CT), akciós potenciál időtartama 50, 
ül. 90%-os repolarizációnál (APDJ0, 
APD^ akciós potenciál amplitúdó 
(APA), akciós potenciál felszálló 
szárának meredeksége, illetve a de-
polarizáció maximális sebessége 
(Vmax). A vizsgálatok részben 1000 
ms-os ciklushosszú alapingerléssel, 
részben különböző ciklushosszú sti-
mulusok (papilláris: 300-5000 ms, 
Purkinje: 300-3000 ms) alkalmazá-
sával történtek. A Vmax inaktivá-
cióból történő helyreállását (ún. „re-
covery" kinetika) extrastimulusokkal 
vizsgáltuk: az alapingerlés (S,) 40. 
ütését követően extrastimulust (S2) 
alkalmaztunk és az S,-S2 intervallu-
mot fokozatosan növeltük. A diaszto-
lés intervallumot az akciós potenciál 
90%-os repolarizáciőjának elérésétől 
számítottuk és -10 ms-tól fokoza-
tosan 60 000 ms-ig növeltük. 
A vizsgált anyagot (azimilide, 
NE-10064, Procter & Gamble Phar-
maceuticals, USA) 50%-os dimetil-
szulfoxidban (DMSO) oldottuk fel és 
0,3,3,0, illetve 10,0 pM-os koncent-
rációban 40-60 perces inkubációs idő 
alkalmazásával vizsgáltuk. 
Az eredmények (átlag±S.E.) sta-
tisztikai értékelésénél a Student pá-
ros t próbát alkalmaztuk és a válto-
zásokat akkor tekintettük szignifi-
kánsnak, ha a számított p értéke ki-
sebb volt, mint 0,05. A Vmax recov-
ery kinetikájának kiszámításához a 
kontroll csoportnál egy-, a szer hatá-
sánál pedig két-exponenciális egyen-
letet alkalmaztunk. Az egyes diaszto-
lés intervallumokhoz tartozó Vmax 
értékét (Vmaxt) a leghosszabb dia-
sztolés intervallumnál (7000 ms) ész-
lelhető, ún. plató értékhez (Vmaxpl) 
viszonyítottuk. Az időállandót (x) ex-
ponenciális egyenletek segítségével 
becsültük. A kontroll csoportnál egy-
exponenciális (Vmaxt = Vmaxpl + 
VmaxA*e az azimilide esetén 
pedig két-exponenciális egyenletet 
(Vmaxt= Vmaxp(+ VmaxAf*e<"<>+ 
Vmax*e(l/t)) alkalmaztunk, ahol at 
értéke a diasztolés intervallumot, x 
az időállandót (xf a gyors, xs a lassú 
komponensét), VmaxA a növek-
ményt (Vmax^ a gyors, Vmax^ a 
lassú komponenshez tartozót) jelöli. 
Eredmények 
Az azimilide kutyaszív jobb kamrai 
papilláris izmán és Purkinje rostjain 
az akciós potenciál különböző para-
métereire kifejtett koncentrációfüg-
gő hatását az /-///. táblázat mutatja. 
Kitűnik, hogy 1000 ms-os ciklus-
hosszú ingerlési frekvenciánál a szer 
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Az azimilide hatása az akciós potenciálok paramétereire kutya kamrai munkaizomrostokon I. TÁBLÁZAT 
(ingerlési frekvencia: 1 Hz; szignifikancia: p<0,05*) 
Papilláris Kontroll 0,3 pM Kontroll 3,0 pM Kontroll 10,0 pM 
izom n=8 n=9 n=7 
APD^ (ms) 247,9±6,5 257,3±6,8* 246,7±5,8 273,0±8,1* 248,3±9,1 293,1±14,2* 
APD50 (ms) 216,4±7,0 226,616,6* 216,1±5,8 240,9±7,8* 218,0±9,0 258,6±14,2* 
APA (mV) 109,5±1,3 109,6±1,2 109,4±1,1 107,1±1,1* 110,4±1,7 106,4±2,1 
Vmax (V/s) 218,4+18,6 220,6±19,4 214,1+15,1 210,2±15,3 191,3±7,0 166,6±9,2* 
CT (ms) 5,0+0,2 5,1±0,2 5,1±0,2 5,2±0,2* 5,2+0,3 5,9±0,3* 
RP (mV) -84,2±0,7 -84,5±0,6 -84,1±0,6 -85,1±0,4 -83,6±0,6 -84,5±0,8 
Rövidítések: Átlag±S.E., n=kísérletek száma, APD50 90=az akciós potenciál időtartama 50 és 90%-os repolarizációnál, 
APA=akciós potenciál amplitúdó, Vmax: a depolarizáció maximális sebessége, CT=ingerületvezetési idő, 
RP=nyugalmi potenciál 
Az azimilide hatása az akciós potenciálok paramétereire kutya Purkinje rostokon II. TÁBLÁZAT 
(ingerlési frekvencia: 1 Hz; szignifikancia: p<0,05*) 
Purkinje Kontroll 0,3 pM Kontroll 3,0 pM Kontroll 10,0 pM 
rost n=8 n=9 n=8 
APD^ (ms) 326,6± 19,2 356,6±19,7* 329,8117,4 405,3116,0* 330,9119,7 402,1116,8* 
APD50 (ms) 225,6± 16,6 237,9±17,3 229,9115,2 202,1125,0 231,1117,1 102,5127,1* 
APA (mV) 118,4±0,8 117,6±0,9 118,810,7 114,311,5* 118,510,8 109,611,3* 
Vmax (V/s) 737,3±29,9 737,8138,1 743,0125,5 696,3139,3 751,0127,4 531,6136,2* 
CT (ms) 2,9±0,3 2,810,4 2,910,3 3,510,3* 3,110,3 3,610,5 
RP (mV) -84,6±0,6 -85,710,7 -85,210,5 -86,610,5* -85,410,5 -86,110,6 
Rövidítések: Átlag±S.E., n=kísérletek száma, APD50 90=az akciós potenciál időtartama 50 és 90%-os repolarizációnál, 
APA=akciós potenciál amplitúdó, Vmax: a depolarizáció maximális sebessége, CT=ingerületvezetési idő 
RP=nyugalmi potenciál 
Az azimilide hatása az akciós potenciálok paramétereire kutya Purkinje rostokon III. TÁBLÁZAT 
(ingerlési frekvencia: 2 Hz; szignifikancia: p<0,05*) 
Purkinje Kontroll 0,3 pM Kontroll 3,0 pM Kontroll 10,0 pM 
n=8 n=9 n= 8 
APD^ (ms) 245,1110,8 253,4111,4* 248,1110,3 269,917,8* 248,1111,6 266,6110,2 
APDS0 (ms) 166,5110,2 162,6110,0 167,818,9 137,7112,3* 167,1110,0 96,3117,1* 
APA (mV) 119,810,9 119,110,9 120,110,9 117,311,0* 119,810,9 111,511,4* 
Vmax (V/s) 750,3130,6 755,9133,1 760,7129,1 753,7141,4 765,3132,6 605,3136,9* 
CT (ms) 2,910,3 3,010,3 3,010,3 3,510,3* 3,110,3 3,810,5 
RP (mV) -86,710,3 -86,510,4 -87,210,4 -86,810,4 -87,410,4 -86,510,8 
Rövidítések: Átlag±S.E., n=kísérletek száma, APDJ0 90=az akciós potenciál időtartama 50 és 90%-os repolarizációnál 
APA=akciós potenciál amplitúdó, Vmax: a depolarizáció maximális sebessége, CT=ingerületvezetési idő 
RP=nyugalmi potenciál 
hatására papilláris izmon mindhárom 
koncentrációban szignifikáns módon 
(p<0,01) megnyúl t az APD 9 0 és 
APD50. Papilláris izmon 3,0 pM azi-
milide alkalmazása mellett csökkent 
(p<0,05) az APA és nőtt a CT értéke. 
A vizsgált szer legnagyobb koncent-
rációja (10,0 |iM) szignifikánsan 
(p<0,01) csökkentette a Vmax ér-
tékét is. Purkinje roston az azimilide 
valamennyi alkalmazott koncentrá-
cióban szignifikánsan nyújtotta az 
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Papilláris izom Purkinje rost 
O kontroll 
• 0.3 pM azimilide 
1. áb ra . Kutyaszív jobb kamrai papilláris izmának endokardiális sejtjéből (bal oldal) és jobb kamrai Purkinje rostjából (jobb 
oldal) az azimilide különböző koncentrációinak alkalmazása során regisztrált transzmembrán akciós potenciálok 1 Hz-es 
egyenletes ritmusú ingerlés alkalmazása mellett (kontroll: O; 0,3 pM: 3,0 pM: • , 10,0 pM: • ) 
APDl)0-et, míg APDJ0 esetében a ma-
gasabb koncentrációknál rövidülést 
észleltünk. Az APA értéke 3,0 és 10,0 
J.M koncentrációknál je lentősen 
[p<0,01) csökkent Purkinje roston. 
A Vmax a legnagyobb koncentráció 
jelenlétében szignifikánsan (p<0,01) 
:sökkent. Az azimilide 3,0 pM-os 
koncen t rác ió ja a CT je len tős 
(p<0,01) megnyúlását, és az RP szig-
nifikáns (p<0,02) változását okozta. 
Az 1. ábra kutyaszív jobb kamrai pa-
pilláris izmából és jobb kamrai Pur-
kinje rostjából az azimilide külön-
böző koncentrációinak alkalmazása 
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l. ábra. 3,0 \iM azimilide az akciós potenciál időtartamára (APD90-re) kifejtett 
(ontrollhoz viszonyított százalékos ciklushosszfüggő változása jobb kamrai papilláris 
zmon (•) és Purkinje roston (•). Az abszcisszán az ingerlési frekvenciát (s), az 
ordinátán a százalékos APD ^ -változást tüntettük fel. Értékek átlag±S.E. 
akciós potenciálokat szemléltet 1000 
ms-os ciklushosszú egyenletes rit-
musú ingerlés alkalmazása esetén. 
Az azimilide 3,0 pM-os koncent-
rációban papilláris izmon és Purkinje 
rostokon egyaránt ciklushosszfüggő 
módon nyújtotta az APD-t. Az azi-
milide frekvenciafüggő hatását a 2. 
ábra szemlélteti. Megfigyelhető, hogy 
alacsonyabb ingerlési frekvenciánál 
az APD-nyúlás jelentősebb, mint 
magasabb ingerlés frekvencia esetén. 
A szer ezen ún. reverz frekvencia-
függő hatása kifejezettebben érvé-
nyesül Purkinje roston. 
Az azimilide kamra papilláris iz-
mon és Purkinje roston egyaránt 
mindhárom vizsgált koncentráció-
ban ciklushosszfiiggő módon növelte 
az ingerületvezetési időt (3. és 4. 
ábra). 
A Vmax inaktivációból történő 
helyreállási kinetikájának 10,0 pM 
azimilide hatására létrejövő válto-
zását papilláris izmon vizsgáltuk. 
Kontrol l körülmények között a 
Vmax a diasztole első 50 ms-ában 
csaknem teljesen helyreállt az inak-
tivációból, azimilide (10,0 pM) al-
kalmazása esetén azonban a helyre-
állás nagymértékben lassult (5. áb-
ra); a teljes visszaállás több, mint 2 
s-ig tartott, amelyet 1,754 ± 0,267 s-
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3. ábra. Az azimilide különböző koncentrációinak (0,3 pM: O; 
3,0 pM: A; 10,0 pM: • ) az ingerületvezetési időre (CT-re) (A) 
és a depolarizáció maximális sebességére (Vmax-ra) (B) 
kifejtett kontrollhoz viszonyított százalékos változása jobb 
kamraipapilláris izmon. Az abszcisszán az ingerlésifrekvenciát 
(s), az ordinátán a százalékos CT-, ül. Vmax-változást tüntettük 
fel. Értékek: átlag±S.E. 
4. ábra. Az azimilide különböző koncentrációinak (0,3 pM: O; 
3,0 pM: A; 10,0 pM: • ) az ingerületvezetési időre (CT-re) (A) 
és a depolarizáció maximális sebességére (Vmax-ra) (B) 
kifejtett kontrollhoz viszonyított százalékos változása jobb 
kamrai Purkinje roston. Az abszcisszán az ingerlési frekvenciát 
(s), az ordinátán a százalékos CT-, ill. Vmax-változást tüntettük 
fel. Értékek: átlag±S.E. 
os (n = 6) időállandóval lehetett jel-
lemezni. 
Az azimilide ATP-függő K+-áram-
ra kifejtett esetleges hatását 10,0 pM 
pinacidil alkalmazásával vizsgáltuk. 
Apinacidil megnyitja az ATP-függő 
K+-csatornákat, s ezáltal rövidíti az 
akciós potenciál időtartamát. Jobb 
kamrai papilláris izmon, 1 Hz-es in-
gerlési frekvenciánál, 10,0 pM pina-
cidil hatására az APD90 31,9 ± 3,4%-
kal rövidült (n = 5) A pinacidil ki-
mosását a szervfürdőből a kiindulási 
paraméterek helyreállása követte 
(kiindulási APD90: 235,4 ± 9,1 ms, 
10,0 pM pinacidil utáni APD^: 160,6 
± 1 1 , 0 ms, kimosás utáni APD90: 
249,2 ± 6,6 ms). 
Ezután azimilidet (3,0 pM) adtunk 
a szervfürdőhöz, amely 12,9 ±3,0%-
kal nyú j to t t a meg az APD9 0-et . 
Az azimilidet tartalmazó szervfür-
dőhöz ismételten 10,0 pM pinacidilt 
adva akiindulási értékekhez hasonló, 
32,2 ± 4,5%-os APD90 rövidülést ta-
pasztal tunk, ami arra utal, hogy 
az azimilide az iszkémiában oly 
fontos szerepet játszó ATP-függő 
K+-csatornákat nem befolyásolja 
(6. ábra). 
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Időállandó (Tr): 12.6±2.7 ms 
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• kontroll 
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Azimilide (n=6): 
Időállandó (Ü): 13.7±4.7ms 
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Időállandó (T.): 1754.7±267.5 ms 
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5. ábra. 10,0 \iM azimilide hatása a Vmax inaktiváciából történő visszatérésére (ún. „recovery" kinetikájára) jobb kamrai 
oapilláris izmon. A vizsgálati módszerben leírtak szerinti egy-exponenciális (kontroll csoport: • ) és két-exponenciális 
(szer-hatás: • ) egyenlet görbéje látható. Az abszcissza a diasztolés intervallumot (s), az ordináta a Vmax-ot mutatja. 
Értékek: átlag±S.E. 
• kontroll 
• 10 pM pinacidil 
OmV OmV 
• kontroll 
• 3 .0 pM azimilide 
: pM azimilide - pM pinacidil 
200 ms 200 ms 
5. ábra. Kutyaszív jobb kamrai papilláris izmának endokardiális sejtjéből 10,0 \iM pinacidil (•), illetve 3,0 \iM azimilide (•) 
is 10,0 pM pinacidil + 3,0 pM azimilide (•) alkalmazása során regisztrált transzmembrán akciós potenciálok 1 Hz-es 
egyenletes ritmusú ingerlés mellett (kontroll: • ) . 
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Megbeszélés 
Jelen tanulmány során az azimilide 
különböző koncentrációinak in vitro 
elektrofiziológiai hatását vizsgáltuk 
kutyaszívből izolált jobb kamrai 
preparátumokon. Papilláris izmon és 
Purkinje roston az azimilide 1 Hz-es 
ingerlési frekvenciánál mindhárom 
koncentrációban szignifikánsan 
nyújtotta az akciós potenciál időtar-
tamát, mely megfigyelés megegye-
zik mások korábbi vizsgálatainak 
eredményével (18). Az akciós poten-
ciál amplitúdójának szignifikáns 
csökkenését Purkinje roston figyel-
tük meg 3,0 és 10,0 pM azimilide al-
kalmazása során. Az általunk alkal-
mazott legnagyobb koncentráció 
szignifikánsan csökkentette a Vmax-
ot mindkét vizsgált preparátumban, 
ami Na+-csatorna gátló hatásra utal. 
Ez utóbbi eredmény hasonló volt 
ahhoz, amelyet Bril és munkatársai 
közöltek korábban (19) tengerimalac 
papilláris izom preparátumokon. 
Az azimilide frekvenciafüggő ha-
tását a terápiáshoz közelálló kon-
centrációban (3,0 pM) vizsgálva, az 
akciós potenciál jelentősebb meg-
nyúlását mutattuk ki alacsonyabb, 
mint magasabb ingerlési frekvencia 
alkalmazásakor. AIII. osztályú anti-
aritmiás szerekre jellemző, ezen for-
dított frekvenciafüggő hatás kifeje-
zettebben érvényesült Purkinje ros-
tok esetén. Mindez a repolarizáció 
inhomogenitásának fokozódásához, 
korai utódepolarizációk megjelené-
séhez és így proaritmiás mellékha-
táshoz vezethet. A csak az IKr-csator-
nát blokkoló szerekről (dofetilide, d-
sotalol, E-4031, WAY-123,398) már 
régebb óta ismert ez a fordított (re-
verz) frekvenciafüggő, illetve torsa-
dogén proaritmiás hatás (4, 20, 21, 
22,23). Egyes feltételezések szerint 
az IKj-áram csökkenése az I^-csa-
toma gátlásának tulajdonított reverz 
frekvenciafggő hatást csökkentheti 
(13,14). Újabb, kutyaszíven végzett 
vizsgálatok eredményei azonban 
nem támasztják alá ezt a feltételezést 
(24). In vivo kísérletekben ugyan a 
fordított frekvenciafüggő repolarizá-
ció megnyújtás nem volt kimutatható 
(25,26), de ezekben a vizsgálatokban 
az alkalmazott lassú ingerlési frek-
vencia jóval magasabb volt, mint az 
in vitro kísérletek esetében. A Pur-
kinje rostok akciós potenciáljának 
plató fázisa az IKs csatornák aktiváci-
ős küszöbénél negatívabb tartomány-
ba esik, tehát az IKs blokkolása várha-
tóan nem befolyásolja a sejtek repo-
larizációját. Az általunk is tapasztalt 
Vmax gátló, illetve Purkinje rostokon 
az APD^-et rövidítő hatások a gyors, 
illetve a lassan inaktiválódó Na+-
csatomák gátlására utalnak. Ez utóbbi 
hatás Purkinje rostokon magasabb 
koncentrációban mérsékelheti a fő-
csatorna gátlás eredményeként kiala-
kuló repolarizáció megnyúlást, amely 
ily módon kedvező, és az amioda-
ronnál megfigyeltekhez hasonlóan 
(27) csökkentheti a túlzottan késlel-
tetett repolarizáció okozta proaritmiák 
esetleges felléptét. 
Papilláris izomban és Purkinje 
roston 10,0 pM azimilide hatására 
egyaránt jelentős Vmax-gátló hatást 
figyeltünk meg magasabb frekven-
ciájú ingerlés alkalmazásakor és az 
ingerületvezetési idő (CT) megnyú-
lását is kimutattuk, ami ebben a kon-
centrációban, az irodalmi adatokhoz 
hasonlóan (28), ún. „use-dependens" 
Na+-csatorna gátló hatásra utal. 
Újabb vizsgálatok eredményei azt 
sugallják, hogy kamraizmon, amely-
nek plató fázisa pozitív feszültség-
tartományba esik, az túl lassan ak-
tiválódik, illetve túl gyorsan deak-
tiválódik ahhoz, hogy számottevő 
mértékben részt vegyen a normális 
kamrai sejtek repolarizációjában 
(29). Ha azonban a repolarizáció 
ezekben a rostokban túlzottan meg-
nyúlik, az IKs már elegendő mérték-
ben aktiválódhat ahhoz, hogy rövi-
dítő hatást fejtsen ki az akciós po-
tenciál időtartamára. Az IKs foko-
zódás ezen repolarizációs tartalék 
(rezerv) szerepe azonban terápiás 
szempontból kedvező, amelynek 
gátlása inkább fokozhatja a fordított 
(reverz) frekvenciafüggésből adódó 
lehetséges proaritmiás komplikáció-
kat. 
Az azimilide által a Na+-csatorna 
blokád megszűnésére kifejtett hatás 
kinetikáját 10,0 pM-os koncentrá-
cióban papilláris izmon vizsgáltuk és 
az ennek során kapott időállandó 
(x = 1,754 ± 0,267 s), illetve a szer 
repolarizációt megnyújtó hatása 
alapján azt a következtetést vontuk 
le, hogy az azimilide leginkább az 
I/A csoporthoz hasonló hatással is 
rendelkezik, amely bizonyos körül-
mények között szerepet játszhat a 
szer antiaritmiás hatásában. 
Jelen kísérletünkben kimutattuk, 
hogy az azimilide nem befolyásolja 
a pinacidil által megnyitott, hipoxiás 
körülmények között fontos szerepet 
játszó ATP-függő K+-csatomát. Az 
azúnilidnek ezen elektrofiziológiai 
tulajdonságát ezidáig még nem vizs-
gálták. Bár a szer in vivo állatkísér-
letekben a dofetilidnél hatásosabb-
nak bizonyult a kamrai tachikardiák 
kivédésében (26), úi vitro vizsgála-
tok során iszkémiában, a többi III. 
osztályú szeréhez hasonlóan hatása 
csökkent (30). Ezzel kapcsolatban 
megjegyzendő, hogy az ATP-függő 
káliumcsatornák patofiziológiai sze-
repe egyenlőre még nem tisztázott 
kellőképpen, hiszen állatkísérletek-
ben antiaritmiás hatást mind a csa-
tornák gátlásával (31), mind azok 
serkentésével (32) leírtak. 
Összefoglalásként megállapíthat-
juk, hogy az azimilide az amioda-
ronhoz, illetve más antiaritmikumok-
hoz is hasonlóan, kevert hatásmecha-
nizmusú szer. Terápiás koncentráció-
ban a többi III. osztályú szerekre jel-
lemző fordított (reverz) frekvencia-
függő, magasabb koncentrációban 
I/A típusú ún. „use-dependens" 
Na+-csatorna gátló hatással rendel-
kezik. A szer terápiában betöltött he-
lyének pontos meghatározásához 
azonban további sejtszintű és in vivo 
elektrofiziológiai, valamint klinikai 
vizsgálatok szükségesek. 
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Electrophysiological effects of dronedarone (SR 33589), a 
noniodinated amiodarone derivative in the canine heart: 
comparison with amiodarone 
'András Varró, 'János Takács, 'Miklós Németh, 'Ottó Hála, 'László Virág, "Norbert lost, 
'Beáta Baláti, 'Márta Ágoston, 'András Vereckei, 'Gilbert Pastor, 'Martiné Delbruyére, 
"Patrick Gautier, 3Dino Nisato & *•"Julius Gy. Papp 
'Department of Pharmacology & Pharmacotherapy, Faculty of Medicine, University of Szeged, Dóm tér 12, H-6701 Szeged, 
Hungary; 'Division of Cardiovascular Pharmacology, Hungarian Academy of Sciences, Dóm tér 12, H-6701 Szeged, Hungary 
and 3Sanofi-Synthelabo Recherche, Cardiovascular-Thrombosis Department, 371, rue du Professeur Blayac, F-34184 
Montpellier, France 
1 The electrophysiological effects of dronedarone, a new nonionidated analogue of amiodarone 
were studied after chronic and acute administration in dog Purkinje fibres, papillary muscle and 
isolated ventricular myocytes, and compared with those of amiodarone by applying conventional 
microelectrode and patch-clamp techniques. 
2 Chronic treatment with dronedarone (2 x 25 mg 1 kg 1 day p.o. for 4 weeks), unlike chronic 
administration of amiodarone (50 mg 1 kg 1 day p.o. for 4 weeks), did not lengthen significantly the 
QTc interval of the electrocardiogram or the action potential duration (APD) in papillary muscle. 
After chronic oral treatment with dronedarone a small, but significant use-dependent V ^ block 
was noticed, while after chronic amiodarone administration a strong use-dependent V ^ ^ depression 
was observed. 
3 Acute superfusion of dronedarone (10 pM), similar to that of amiodarone (10 pM), moderately 
lengthened APD in papillary muscle (at 1 Hz from 239.6 ±5.3 to 248.6 ±5.3 ms, «=13, PcO.05), 
but shortened it in Purkinje fibres (at 1 Hz from 309.6±11.8 to 287.1 ±10.8 ms, n=7, P<0.05). 
4 Both dronedarone (10 fiM) and amiodarone (10 ¡m) superfusion reduced the incidence of early 
and delayed afterdepolarizations evoked by 1 pM dofetilide and 0.2 pM strophantidine in Purkinje 
fibres. 
5 In patch-clamp experiments 10 pM dronedarone markedly reduced the L-type calcium current 
(76.5±0.7 %, n = 6, P<0.05) and the rapid component of the delayed rectifier potassium current 
(97 ±1.2 %, n = 5, P<0.05) in ventricular myocytes. 
6 It is concluded that after acute administration dronedarone exhibits effects on cardiac electrical 
activity similar to those of amiodarone, but it lacks the 'amiodarone like' chronic electro-
physiological characteristics. 
British Journal of Pharmacology (2001) 133, 625-634 
Keywords: Action potentials; dronedarone; SR 33589; amiodarone; electrophysiology; antiarrhythmic drugs 
Abbreviations: APA, action potential amplitude; APD, action potential duration; APD» and APDgo, action potential durations at 
50% and 90% of repolarization; CL, cycle length; EAD, early afterdepolarization; DAD, delayed 
afterdepolarization; ECG, electrocardiogram; HPLC, High Performance Liquid Chromatography /Q» L-type 
calcium current; 7kll inward rectifier potassium current; I^i and Iy^, rapid and slow components of the delayed 
rectifier potassium current; Tto, transient outward potassium current; MDP, maximum diastolic potential; Vm,, 
maximal rate of depolarization 
introduction 
fhe CAST (CAST investigators, 1989) and the SWORD 
Waldo et al., 1996) studies showed that some Class I/C 
mtiarrhythmic drugs, such as flecainide and encainide, and a 
pure' Class III drug, D-sotalol, significantly increased the 
sroarrhythmia related postinfarction mortality. These fail-
ures in the antiarrhythmic therapy shifted interest more 
oward amiodarone, a drug which is a particularly effective 
'Author for correspondence at: Department of Pharmacology & 
'harmacotherapy, Albert Szent-Györgyi Medical and Pharmaceutical 
Center, University of Szeged, Dóm tér 12, P.O. Box 427, H-6701 
Izeged, Hungary; E-mail: papp@phcol.szote.u-szeged.hu 
antiarrhythmic agent (Link et cd., 1995) and, in contrast 
with flecainide and D-sotalol, did not seem to increase 
(Julian et al, 1997) or even reduce (Pfisterer et al., 1992) 
postinfarction mortality in different multicenter clinical 
trials. 
Amiodarone was first recognized to lengthen cardiac action 
potential duration after chronic treatment (Singh & Vaughan 
Williams, 1970) and was, therefore, classified as a Class III 
antiarrhythmic drug (Vaughan Williams, 1975). Later it 
became evident that amiodarone has multiple actions, 
including use-dependent block of the inward sodium (Mason 
et al, 1984; Varro et al, 1985; Follmer et al., 1987) and 
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calcium (Nishimuia et al., 1989) currents, block of the a and 
P adrenoceptors (Polster & Broekhuysen, 1976) and it may 
also have some other yet less well explored properties. 
Amiodarone, in contrast with pure Class III drugs, decreased 
dispersion of repolarization between ventricular epicardial, 
endocardial M cells (Sicouri et al., 1997) and Purkinje fibres 
(Papp et al., 1996). These features of amiodarone may, at 
least partly, explain the low proarrhythmic potential of the 
drug (Lazzara, 1989). 
Amiodarone, however, has a relatively wide range of 
extracardiac side effects (Harris et al., 1983) which has been 
attributed to the iodine in its chemical structure and can 
significantly diminish its use in clinical practice. Therefore, a 
noniodinated benzofuran analogue of amiodarone, dronedar-
one (SR 33S89) was developed and tested in in vitro (Moro et 
al., 1999; Sun et al., 1999) and in vivo (Manning et al., 1995b) 
electrophysiological experiments and in experimental arrhyth-
mia models (Finance et al., 1995; Manning et al., 1995a). 
These latter studies revealed that dronedarone, like amiodar-
one, possesses strong antiarrhythmic potency. In a recent in 
vitro study performed in rabbit papillary muscle it was found 
that dronedarone, both after long-term treatment and after 
acute application, exerted cardiac electrophysiological effects 
similar to those of amiodarone (Sun et al., 1999). This led to 
the conclusion that the electrophysiological effects of 
dronedarone are similar to those of amiodarone but more 
potent, despite deletion of iodine from its molecular 
structure, a finding of importance for the development of 
future Class III antiarrhythmic compounds (Sun et al., 1999). 
However, our results obtained in cardiac preparations 
isolated from dog hearts and presented in this study showed 
that the effect of chronic dronedarone treatment strikingly 
differs from that of long-term administration of amiodarone. 
Therefore we favour an opposite conclusion, i.e. the unique 
chronic cardiac electrophysiological effects of amiodarone 
might be due to the inhibition of the cardiac thyroid 
receptors (Kodama et al., 1999) which may relate to the 
iodine in the molecular structure of the compound. 
Methods 
All experiments were conducted in compliance with the Guide 
for the Care and Use of Laboratory Animals (USA N I H 
publication No 85-23, revised 1985). The protocols were 
approved by the review board of Committee on Animal 
Research of the University of Szeged (54/1999 OEj). 
Conventional microelectrode technique 
Adult mongrel dogs (8 -14 kg) of either sex were used. 
Following anaesthesia (sodium pentobarbital, 30 mg kg 1 
administered intravenously), the heart of each animal was 
rapidly removed through right lateral thoracotomy. The 
hearts were immediately rinsed in oxygenated Tyrode's 
solution containing (in mM): NaCl, 115; KC1, 4; CaCl2, 1.8; 
MgCl2, 1; NaHC03, 20; and glucose, 11. The pH of this 
solution was 7.40 to 7.45 when gassed with 95% 0 2 and 5% 
C02 at 37°C. Purkinje strands obtained from either ventricle 
or the tip of the papillary muscles from the right ventricle 
were individually mounted in a tissue chamber (volume « 
50 ml). Each ventricular preparation was initially stimulated 
(HSE (Hugo Sachs Elektronik) stimulator type 215/11, 
March-Hugstetten, Germany) at a basic cycle length of 
1000 ms (frequency =1 Hz), Purkinje fibre preparations were 
stimulated at basic cycle length of 500 ms (2 Hz) using 2 ms 
long rectangular constant voltage pulses isolated from ground 
and delivered across bipolar platinum electrodes in contact 
with the preparation. At least 1 h was allowed for each 
preparation to equilibrate while they were continuously 
superfused with Tyrode's solution. Temperature of the 
superfusate was kept constant at 37°C. Transmembrane 
potentials were recorded using conventional microelectrode 
recording techniques. Microelectrodes filled with 3 M KC1 
and having tip resistances of 5-20 mQ were connected to the 
input of a high impedance electrometer (HSE microelectrode 
amplifier type 309), which was referenced to the ground. The 
first derivative of transmembrane potentials ( V „ J was 
electronically derived by an HSE differentiator (type 309). 
The voltage outputs from all amplifiers were displayed on a 
dual beam memory oscilloscope (Tektronix 2230 100 MHz 
digital storage oscilloscope, Beaverton, OR, U.S.A.). 
The maximum diastolic potential (MDP), action potential 
amplitude (APA), and APD measured at 50 and 90% 
repolarization (APDj0 90) were obtained using a software 
developed in our department (HSE-APES) on an IBM 386 
microprocessor base personal computer connected to the 
digital output of the oscilloscope. Dogs were orally treated 
with 50 mg kg 1 amiodarone or 2 x 25 mg kg 1 dronedarone 
every day for 4 weeks. Control dogs were kept in similar 
condition but they did not receive treatment. Electrocardio-
gram recordings (limb I - I I I leads) were taken in the 
conscious animals before and after the 4 weeks of treatment. 
In those experiments in which the acute direct effects of the 
drugs were studied, after the control measurements, the 
preparations had been superfused for 60 min with Tyrode's 
solution containing 10 pM of the compounds before the 
electrophysiologic measurements were commenced. Both 
amiodarone and dronedarone were dissolved in 100% DMSO 
to make 10 mM stock solutions. The stock solutions were 
further diluted in the tissue bath to obtain the desired final 
drug concentrations. 
Whole cell configuration of the patch-clamp technique 
Ventricular myocytes were enzymatically dissociated from 
hearts of mongrel dogs of either sex weighing 10-20 kg 
following anaesthesia (sodium pentobarbital, 30 mg-kg 1 i.v.) 
as described earlier in detail (Varro et al., 2000). 
One drop of cell suspension was placed within a 
transparent recording chamber mounted on the stage of an 
inverted microscope (TMS, Nikon, Tokyo, Japan), and 
individual myocytes were allowed to settle and adhere to 
the chamber bottom for at least 5 min before superfusion was 
initiated. Only rod shape cells with clear striatums were used. 
HEPES buffered Tyrode's solution served as the normal 
superfusate. This solution contained (mM): NaCl 144, 
NaH2P04 0.33, KC1 4.0, CaCl2 1.8, MgCl2 0.53, Glucose 
5.5, and HEPES 5.0 at pH of 7.4. 
Patch-clamp micropipettes were fabricated from borosili-
cate glass capillaries (Clark, Reading, U.K.) using a P-97 
Flaming/Brown micropipette puller (Sutter Co., Novato, CA, 
U.S.A.). These electrodes had resistances between 1.5-
2.5 MO when filled with pipette solution containing (in 
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mM): K-aspartate 100, KC1 45, ATP 3, MgCfe 1, EGTA 10 
and HEPES 5. The pH of this solution was adjusted to 7.2 by 
KOH. In case of measuring K* currents, nisoldipine (1 pM) 
(obtained as a gift from the Bayer AG, Leverkusen, 
Germany) was placed in the external solution to eliminate 
inward Ca2+ current ( / c a ) . The rapid /Kr and slow 
components of the delayed rectifier potassium current were 
separated by using the selective /K, blocker E-4031 (1 pM) or 
the 7ks blocker chromanol 293B (30 pM). When Ca2+ current 
was measured the pipette solution contained (in mM): CsCl 
110, CsOH 40, EGTA 10, HEPES 10..TEAC120, ATP 5 (pH 
was adjusted to 7.2 by CsOH). Membrane currents were 
recorded with an Axopatch-ID amplifier (Axon Instruments, 
Foster City, CA, U.S.A.) using the whole-cell configuration 
of the patch-clamp technique. After establishing a high (1 -10 
Gohm) resistance seal by gentle suction, the cell membrane 
beneath the tip of the electrode was disrupted by suction or 
by application of 1.5 V electrical pulses for 1 - 5 ms. The 
series resistance was typically 4 - 8 MO before compensation 
(50-80%, depending on the voltage protocols). Experiments 
where the series resistance was high, or substantially 
increased during measurement, were discarded. Membrane 
currents were digitised using a 333 kHz analogue-to-digital 
converter (Digidata 1200, Axon Instruments) under software 
control (pClamp 6.0, Axon Instruments). Analyses were 
performed using Axon (pClamp 6.0) software after low-pass 
filtering at 1 kHz. All patch-clamp data were collected at 
37°C. 
Determination of plasma and tissue levels of dronedarone 
and amiodarone 
Plasma and cardiac tissue levels of dronedarone and 
amiodarone in the chronically treated dogs were measured 
by the Bioanalysis Laboratory, in the Preclinical Depart-
ment for Pharmacokinetics and Metabolism, at Sanofi-
Synthelabo Research in Montpellier (France). After a 
liquid/liquid extraction, dronedarone plasma levels were 
determined using High Performance Liquid Chromatogra-
phy (HPLC) (ultra violet detection 290 nm). Plasma levels 
of dronedarone were calculated by applying a daily 
prepared calibration curve using untreated dog plasma. 
The regressions were least squares linear and not forced 
through the origin and weighted on l y 2. The following 
concentrations were investigated: 0.020, 0.050, 0.100, 0.200, 
0.500, 0.800 and 1.000 mgl '. Similarly (ultra violet 
detection at 254 nm) amiodarone and desethylamiodarone 
plasma levels were calculated utilizing a daily prepared 
calibration curve using untreated dog plasma. The regres-
sions were least squares linear regression not forced 
through the origin. The concentrations investigated were: 
0.050, 0.100, 0.200, 0.500, 1.0, 2.0, 3.0 and 4.0 mg 1 '. 
Heart samples were homogenized iii Tris Buffer pH=7.4 
and tissue drug levels were determined using HLPC, after 
liquid/liquid extraction with ultra violet detection at 290 nm 
for dronedarone and 254 nm for amiodarone. Dronedarone 
cardiac tissue levels were calculated by applying a daily 
prepared calibration curve using untreated dog heart. The 
regressions were least squares linear regression not forced 
through the origin and weighted on l x 2. The following 
concentrations were investigated: 0.040, 0.080, 0.200, 0.400, 
0.800, 1.6, 2.0, 3.0, 4.0 and 6 mg kg '. Cardiac tissue levels 
of amiodarone and desethylamiodarone were calculated 
using a daily prepared calibration curve using untreated 
dog heart. The regressions used were least squares linear 
not forced through the origin and weighted on 1-x 2 The 
concentrations applied were as follows: 0.150, 0.300, 0.600, 
1.6, 3.2, 6.3, and 12.6 mg kg 
Determination of plasma levels of thyroid hormones 
Plasma thyroxine (T4), triiodothyronine (T3) and reverse 
triiodothyronine (rT3) were measured with conventional RIA 
kits (T4: GammaCoat™ M['2SI] Total T4 RIA kit, DiaSorin; 
T3: GammaCoat™ [l2SI] T3 RIA kit, DiaSorin; rT3: Reverse 
T3, Biochem Immuno Systems). 
Statistical analysis 
Student's r-test for paired and unpaired data was used to 
compare values between groups statistically. All data are 
expressed as the mean+s.e.mean; differences were considered 
significant when P values were less than 0.05. 
Results 
Chronic treatment 
ECG in conscious dogs For 4 weeks dogs were given 
capsules filled with 25 mg kg 1 dronedarone twice a day 
(morning and afternoon) or capsules filled with 50 mg kg 1 
amiodarone once a day (morning). Before the drug treatment 
ECG (limb leads I-III) records were taken in the conscious 
dogs. The recordings were repeated after 4 weeks of 
treatment 1 - 2 h before sacrificing the animals for the cellular 
electrophysiological measurements. The results are summar-
ized in Table 1. After chronic treatment with amiodarone the 
PQ, QT, QRS and QTc intervals were significantly increased. 
After chronic dronedarone treatment the QRS and QTc 
intervals did not change considerably. The PQ interval and 
the sinus cycle length (CL) were, however, significantly 
prolonged. Obviously as a result of this latter effect, the 
QT interval was also lengthened by chronic treatment with 
dronedarone. 
Effects on action potential characteristics in dog ventricular 
muscle and Purkinje fibres The effect of chronic dronedarone 
and amiodarone treatment on the action potential parameters 
in dog ventricular papillary muscle and Purkinje fibres at 
constant 1 Hz stimulation frequency is summarized in Table 
2. Chronic dronedarone treatment did not alter the action 
potential parameters either in papillary muscle or in Purkinje 
fibres, except for a slight diminution of the maximal diastolic 
potential (MDP). In papillary muscle obtained from 
chronically amiodarone treated dogs APA and Vm, values 
were less, the APDgo was longer than those measured in 
muscles isolated from nontreated control dogs. In Purkinje 
fibre preparations none of the action potential parameters 
were different from those in the control fibres with the 
exception of MDP, which was slightly less negative in 
Purkinje fibres obtained from the amiodarone treated group 
compared with control. 
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2x 25 mg/kg/day p.o. 4 weeks 
Control 
n = 6 
Amiodarone 
50 mg/kg/day p.o. 4 weeks 
n = 6 
CL PQ QRS QT QTc 
(ms) (ms) (ms) (ms) (ms) 
513.3± 17.8 123.4±3.7 51.0±1.5 195.6±3.3 273.6±3.5 
616.8 ±36.5* 142.6±6.5* 52.8 ±1.5 208.5 ±4.8« 267.9 ±6.9 
543.1 ±31.4 114.0 ±6.9 51.0±3.7 189.0 ±5.5 257.6±7.9 
655.3 ±72.4 137.0± 10.6* 60.7±1.1* 235.0±1.1* 294.3 ±10.2* 
CL=sinus cycle length. *P<0.05. 
Table 2 Effect of chronic dronedarone and amiodarone treatment on the action potential characteristics in dog right ventricular 
papillary muscle and Purkinje fibre 
MDP APA APDso APDso ^mfl* 
Treatment n (mV) (mV) (ms) (ms) (y-s ' ) 
Ventricular muscle 
Control 23 —85.1 ±0.7 108.3±0.7 201.4 ±3.5 234.6±3.3 223.3 ±8.5 
Chronic dronedarone 18 -84 .1 ±0.6 105.3 ±1.3 198.6±5.1 240.0 ±5.9 210.2±9.5 
Chronic amiodarone 15 -82 .1 ±0.8 101.5±1.4* 209.1 ±4.2 251.7 ±8.2* 171.9±8.2* 
Purkinje fibre 
Control 19 —87.8±0.6 121.0±0.9 244.4 ±10.3 325.4 ±9.0 487.1 ±21.3 
Chronic dronedarone 9 -84 .6 ±0.9* 116.9 ±2.3 233.4 ±20.2 344.4 ±20.2 435.8 ±38.9 
Chronic amiodarone 8 — 83.5±1.1* 116.1 ±2.3 188.0± 18.0 323.9 ±12.0 437.9 ±43.7 
Stimulation frequency = 1 Hz; MDP = maximal diastolic potential; APA=action potential amplitude; APDS0 = action potential duration 
(50 and 90% repolarization time); V„„„=maximal rate of depolarization; * = P<0.05. 
Frequency dependent effects in dog ventricular muscle and 
Purkinje fibres The frequency dependent effects of chronic 
dronedarone and amiodarone treatment on the APD and 
Vmax in ventricular papillary muscle and in Purkinje fibres 
are shown in Figure 1 and Figure 2, respectively. In 
papillary muscle chronic dronedarone treatment did not 
change significantly the APD in the physiological range of 
stimulation cycle lengths corresponding to the heart rate that 
may occur in vivo i.e. between 300 ms and 1000 ms, but at 
slow cycle lengths (1500-2000 ms) the APDs tended to be 
longer than those in the untreated control preparations. In 
contrast, after chronic amiodarone treatment, at all cycle 
lengths, the APD values were significantly longer than those 
in the control group. In papillary muscle chronic dronedar-
one treatment caused a weak but significant (P<0.05) 
decrease of Vmox at cycle lengths shorter than 1000 ms 
when compared to control. Chronic amiodarone treatment 
however resulted in a marked significant frequency depen-
dent depression of Vmax. particularly at cycle lengths shorter 
than 1000 ms. The majority of the papillary muscles 
obtained from dogs chronically treated with amiodarone 
did not follow stimulation at cycle lengths of 300 and 
400 ms presumably because of the marked change in the 
exitability due to depression of the sodium current at these 
high frequencies. APDs measured in Purkinje fibres obtained 
from dogs chronically treated with dronedarone and 
amiodarone did not significantly differ from those deter-
mined in Purkinje fibres isolated from untreated control 
animals. The Vmax values measured in the chronically 
amiodarone treated Purkinje fibres were significantly less 
than those in the control fibres especially at cycle lengths 
shorter than 1000 ms. No such change was obvious in the 
dronedarone treated Purkinje fibres. 
The use dependent Vmax block after chronic amiodarone 
and dronedarone treatment was further studied in papillary 
muscle by determining the offset (recovery) and onset kinetics 
of Vmnx block. The offset kinetics of V , ^ block was tested at 
the basic cycle length of 1000 ms. After every 20th basic 
stimulus an extra stimulus was delivered by gradually 
increasing coupling intervals after the end of the effective 
refractory period. Diastolic interval was defined as the time 
between the 90% repolarization of the basic action potential 
and the upstroke of the action potential evoked by the extra 
stimulus. As Figure 3A shows, in papillary muscles isolated 
from untreated control and chronically dronedarone treated 
dogs the Vmax almost completely recovered after 30-50 ms 
diastolic interval. In contrast, in papillary muscles obtained 
from chronically amiodarone treated animals (Figure 3A) the 
recovery of Vmax was considerably delayed, i.e., in early 
extrasystoles the amplitude of Vmax was less than that during 
late diastole. The corresponding recovery of Vmax time 
constant value in the muscle preparations isolated from 
amiodarone-treated dogs could be well fitted with single 
exponential, starting the procedure at 40 ms diastolic 
interval. The recovery of Vmax could be characterised by a 
time constant of 549.6 ±43.4 ms (n = 5). 
The onset kinetics of Vmax block was tested after 1 min 
stimulation free period, by applying a 40 beat train of stimuli 
with cycle length of 400 ms. Figure 3B shows that in 
chronically dronedarone treated preparations, as in untreated 
controls, there was only a moderate and relatively slow 
decrease of Vmax during the train, which was fitted with single 
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Figure 3 The effects of chronic dronedarone and amiodarone 
treatment on the offset (A) and onset (B) kinetics of Vmax block in 
dog right ventricular papillary muscle. In B, Vmax value is expressed 
as fraction of the first Vmax in the train. For the sake of clarity sign 
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Figure 4 The effect of acute dronedarone (10 pM) and amiodarone 
(10 pM) superfusion on the action potentials in dog right ventricular 
papillary muscle and cardiac Purkinje fibre. The stimulation 
frequency: 1 Hz; and the incubation time: 60 min. 
ponential characterized by the rate constants of 
> + 0.5 ms (TI=19) and 10.9 + 0.7 ms (TI=17), respectively, 
contrast, in papillary muscles obtained from chronically 
tiodarone treated dogs there was a marked Vm a x change 
ring the train. As Figure 3B indicates the onset kinetics of 
mx block could be best fitted with double exponential. In 
dition to the rate constant of the slow component 
r.0 + 3.9, ti = 4) another fast rate constant (1.56+0.13, 
: 4) with a relatively large amplitude could also be 
'.ermined. 
ute superfusion 
ects on action potential characteristics in dog ventricular 
scle and Purkinje fibres The effects of acute dronedar-
i and amiodarone superfusion on the action potential 
rameters in dog right ventricular papillary muscle and 
rkinje fibres are shown in Figure 4 and summarised in 
ble 3. At stimulation cycle length of 1000 ms the effects 
of dronedarone and amiodarone were very similar to each 
other in papillary muscle, i.e. both drugs moderately 
lengthened repolarization measured as APD5 0 and APD90 
without significantly changing other action potential 
parameters as MDP, APA and Vmax. However, dronedar-
one and amiodarone, presumably due to their I/B type 
sodium channel blocking activity, exerted some moderate 
but statistically significant (P<0.05) use dependent V B ! 
depression at stimulation cycle lengths shorter than 
1000 ms in both papillary muscle (at cycle length of 
300 ms, from 206.7 + 12.8 V s 1 to 178.1+9.9 V s 1 
(ri=12) for 10 pM dronedarone, and from 211.5 + 8.6 
V s 1 to 178.5+12.3 V s 1 (TI = 8) for 10 pM amiodarone, 
and Purkinje fibre (at cycle length of 300 ms, from 
437.4 + 37.5 V-s 1 to 351.6 + 53.1 V-s 1 (TI = 7) for 10 pM 
dronedarone and from 392.8 + 22.9 V-s 1 to 306.4 + 36.7 
V-s 1 (n-5) for 10 pM amiodarone). In our previous 
experiments we observed that the solvent (DMSO), at 
concentrations corresponding to the concentration of 
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Table 3 Effect of acute exposure to dronedarone and amiodarone on the action potential characteristics in dog right ventricular 
papillary muscle and Purkinje fibre 
MDP APA APD SO APD90 y ' max Drug n (mV) (mV) (ms) (ms) (V-í ') 
Ventricular muscle 
Control -85.7 + 0.8 109.1+0.7 207.1+5.2 239.6 + 5.3 226.2+13.0 
Dronedarone, 10 pM 13 -84 .3 + 0.7 108.5 + 0.9 216.4 + 5.1* 248.6 + 5.3* 222.6+10.9 
Control -82 .4 + 0.9 106.4+0.8 184.5 + 4.5 213.2 + 4.2 230.0 + 7.8 
Amiodarone, 10 pM 10 -84 .3 + 0.7 108.2+1.0 197.3+4.9* 229.0 + 5.0* 219.8+12.3 
Purkinje fibre 
Control -86 .3+1.7 119.6+2.1 239.6 + 12.6 309.6 + 11.8 470.6+35.8 
Dronedarone, 10 pM 7 -85 .3+1.6 116.3+1.5 188.1 + 15.0* 287.1 + 10.8* 445.0+54.8 
Control -87 .7+1.7 119.2+1.7 225.5+17.4 307.0 + 16.5 421.0+15.3 
Amiodarone, 10 pM 6 -83 .8+1.1 113.5 + 3.7 182.2 + 11.7* 279.7 + 11.9* 370.0+27.1' 
Stimulation frequency =1 Hz; MDP = maximal diastolic potential; APA = action potential amplitude; APDso^«, = action potential 
duration (50 and 90% repolarization time); Vmax = maximal rate of depolarization; *=P<0.05. 
DMSO applied as a solvent for 10 pM dronedarone, did 
not change significantly any of the action potential 
characteristics. In dog right papillary muscle both 10 pM 
dronedarone and 10 pM amiodarone moderately prolonged 
repolarisation (Table 3), but in Purkinje fibres both 
dronedarone and amiodarone superfusion significantly 
shortened repolarisation measured as APD50 and A P D 9 0 
and reduced Vmax to various degrees, without significant 
change of the MDP and APA (Table 3). 
Effects on early and delayed afterdepolarization in dog cardiac 
Purkinje fibres The effects of acute dronedarone and 
amiodarone superfusion on the early afterdepolarization 
(EAD) and delayed afterdepolarization (DAD) were studied 
in dog left ventricular Purkinje fibres. EADs were evoked by 
20 - 40 min superfusion with 1 pM dofetilide. The stimulation 
frequency was gradually decreased from 1 to 0.08 Hz until 
EAD or spontaneous beat developed. Once EADs appeared, 
they persisted for more than 2 h as verified in separate 
control experiments. The incidence of EADs was calculated 
during a train of 30 beats before and after 40 - 60 min 
superfusions of 10 pM dronedarone or 10 pM amiodarone. In 
the presence of dronedarone and amiodarone the incidence, 
i.e. the ratio of the action potentials showing EADs versus 
normal beats without EADs, significantly decreased from 
77.8 + 3.8% to 11.7+2.8% (n = 6; P<0.05) and from 
58.6 + 4.5% to 8.0 + 3.2% (n = 5; P<0.05), respectively 
(Figure 5). 
To evoke delayed afterdepolarization (DAD) the prepara-
tions were driven by 2 Hz frequency interrupted by 2 min 
stimulation free periods. In the absence of ouabain, after 
cessation of the stimulation, DADs never occurred (Figure 
6). In the presence of 0 .2-0.3 pM ouabain for 40 - 60 min, 
after abrupt termination of the stimulation, DADs developed 
with amplitudes ranging from 4.7 to 13.7 mV (Figure 5). 
DADs were persistent in the presence of ouabain for more 
than 2 h as tested in separate experiments. After the DADs 
had been evoked, the preparations were superfused with 
10 pM dronedarone or 10 pM amiodarone for 30 - 40 min. 
Both dronedarone and amiodarone abolished or significantly 
decreased the amplitudes of the ouabain induced DADs from 
10.2 + 0.4 to 1.8 + 0.6 mV (n = 5; P<0.05) and from 
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Figure 5 The effect of acute dronedarone and amiodarone super-
fusion on the early afterdepolarization (EAD) in dog cardiac left 
ventricular Purkinje fibres. EADs were evoked by 1 pM dofetilide at 
stimulation cycle length of 5000 ms. After superfusion with either 
10 pM dronedarone or 10 pM amiodarone in the continuous presence 
of dofetilide, EADs were abolished. 
O m V -
9 
• • . 2 pM o u a b a i n (40 min) 
delayed afterdepolarization 
i 
•0.3 pM ouabain (40 min) 
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Figure 6 The effect of acute dronedarone and amiodarone super-
fusion on the delayed after depolarisation (DAD) in dog cardiac left 
ventricular Purkinje fibres. DADs were evoked by 0.2-0.3 ptA 
ouabain at stimulation cycle length of 500 ms. After superfusion 
with either 10 pM dronedarone or amiodarone in the continuous 
presence of ouabain, DADs were abolished. 
after 
10 pM amiodarone 
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Effects on transmembrane ionic currents in dog ventricular 
myocytes Since the ECG recordings showed lengthening 
of the PQ interval and the action potential measurements 
suggested inhibition of the repolarization after dronedarone 
application, the effect of 10 /XM dronedarone on the 
various transmembrane ionic currents was also studied in 
single dog ventricular myocytes to elucidate the mechan-
isms of the dronedarone induced electrophysiological 
changes. 
L-type inward calcium current (/Ca) was evoked by 400 ms 
long depolarizing test pulses (ranging from —30 to +60 mV) 
from —40 mV holding potential. The amplitude of l a , was 
defined as the difference between the peak inward current at 
the beginning of the pulse and the current at the end of the 
pulse. In these measurements the KC1 content of the pipette 
was replaced by CsCl to suppress potassium currents. As 
Figure 7 shows, 10 /xM dronedarone, after 5 min superfusion, 
largely decreased Icn- The magnitude of the I c a depression at 
0 mV was 76 % (from 1137.7±299.1'pA to 270.5±70.5 pA, 
n = 6, P<0.05), which was only partially reversible even after 
10 min washout. 
The possible effect of 10 /XM dronedarone superfusion on 
the different potassium currents was also investigated. In 
these measurements the extracellular solution contained 1 /XM 
nisoldipine to completely block 1q,. 
The transient outward potassium current (/ to) and the 
inward rectifier potassium current (Ai) were activated from 
holding potential of —80 mV by 400 ms test pulses ranging 
from —120 to +60 mV. The amplitude of / t o was determined 
as the difference current between the peak outward current at 
the beginning and the steady-state current at the end of the 
pulse. Ai was defined as the amplitude of the steady-state 
current at the end of the pulse. As Figure 8 shows, 10 /XM 
dronedarone did not apparently and significantly influenced 
the amplitude of / t o and Ai after 5 - 8 min superfusion. 
The slow ( /kJ and rapid (AoO components of the delayed 
rectifier outward potassium current were activated from 
—40 mV holding potential with 1 s (Ao) and 5 s (Acs) 
depolarizing test pulses of — 20 to + 60 mV at pulse 
frequency of 0.01 Hz. To define Ao and Ao, after returning 
the voltage to —40 mV, the amplitude of the tail current was 
determined. When the effect of dronedarone on the Acs was 
studied, the extracellular solution contained 1 /XM E-4031 and 
when Acr was examined, the extracellular solution contained 
30 /XM chromanol 293B to block Ao and Acs selectively, 
thereby allowing proper separation of the two currents. As 
Figure 8 shows, 10 /XM dronedarone did not significantly 
change the amplitude of the Ao tail current. In contrast, 
10 /XM dronedarone almost completely depressed the Ao tail 
current (Figure 9). 
Plasma and tissue concentrations Dogs receiving daily 
50 mg kg 1 amiodarone for 4 weeks had amiodarone and 
desethylamiodarone plasma levels of 7.87+ 1.74 /xg ml 1 and 
1.01 ±0.17/xg ml 1 respectively (n = 6). The corresponding 
tissue (heart) concentrations were 6.71 + 1.5/xg mg 1 and 
7.12 +1.53/xg mg '. Dogs receiving daily 2 x 2 5 m g ' k g 1 
day dronedarone had 1.01+0.32/xg ml 1 plasma and 
10.68+4.51/xg mg 1 cardiac tissue concentration of the 
parent drug (xx = 7), and 0.09 ± 0.03/xg ml 1 plasma and 
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Figure 7 The effect of 10 /XM dronedarone on the inward calcium 
current (/Ca) in single dog ventricular myocyte. (A) shows original 
recordings from a representative experiment. (B) indicates the voltage 
current relation before (O) and after ( # ) dronedarone (10 /xM for 3 -
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Figure 8 The effect of (A) 10 /xM dronedarone on the transient 
outward potassium (Ao), (B) the inward rectifier potassium (At), and 
(C) the slow component of the delayed rectifier outward potassium 
current (/Ks) in single dog ventricular myocyte. The left side of each 
panel shows the original recording obtained in a representative 
experiment. On the right side the current voltage relations are 
illustrated before (O) and after the application of 10 /XM dronedarone 
( • ) superfusion in an average of 5 - 6 cells. Bars indicate+ s.e.mean. 
Plasma thyroid hormones concentrations T4, T3 and reverse 
T3 (rT3) levels in the plasma were measured after 4-week 
treatment with amiodarone and dronedarone. In comparison 
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Table 4 Thyroid hormone levels after 4-week oral treatment with dronedarone and amiodarone 
Drug 
Control 
Dronedarone 2 x 25 mg 
Amiodarone 50 mg kg 







32.0 + 3.8 
T3 
(pmol-ml ') 




2 4 + 2 
2 1 + 2 
56 + 7** 
r T3 
(fmol ml ') 
705 + 100 
595 + 82 
1390+194** 
Mean + s.e.mean. *P<0.05; **P<0.01 versus control 
Voltage (mV) 
Figure 9 The effect of 10 pM dronedarone on the rapid component 
of the delayed rectifier outward potassium current (/K r) in single dog 
ventricular myocyte. (A) shows original recordings from a repre-
sentative experiment. (B) indicates the voltage current relation before 
(O) and after ( • ) dronedarone (10 um for 3 - 5 minutes) superfusion 
in an average of six cells. Bars indicate±s.e.mean. 
with the control group, amiodarone induced a decrease in T 3 
and an increase in the T 4 T 3 1 ratio and rT3. Dronedarone 
did not modify significantly T4 , T3 or rT3 levels (Table 4). 
Discussion 
Major findings 
The major findings of this study indicate that: (a) 
Dronedarone, unlike amiodarone, does not produce con-
siderable repolarization lengthening in dog ventricular muscle 
after chronic treatment, (b) Acute dronedarone superfusion, 
like acute exposure to amiodarone, moderately shortens 
repolarization in the Purkinje fibres but only moderately 
lengthens it in the ventricular muscle, (c) Acute dronedarone 
application results in a mild use-dependent Vmax depressing 
and strong /C a and IyT inhibitory effects, (d) Acute 
dronedarone superfusion diminishes both types of triggered 
arrhythmogenic automaticity (EAD and DAD). 
Comparison with previous reports 
In our study the effects of both acute and chronic 
amiodarone application are similar to those published earlier 
by others (Sicouri et at., 1997; Kato et al., 1988; Mason et at., 
1984; Anderson et al., 1989). 
Our study shows that chronic dronedarone treatment does 
not lengthen the repolarization. These results are in good 
agreement with those of Finance et al. (1998) and Barthelemy 
et al., (1998a,b) who observed that dronedarone, in a similar 
range of doses, did not change QTc. These authors, as well as 
Merot et al. (1999) found that amiodarone also does not 
induce a significant QTc prolongation, demonstrating that 
amiodarone-induced QTc lengthening is not always observed 
in dogs. 
Recently Sun et al. (1999) reported that in the rabbit 
chronic dronedarone treatment caused similar and even more 
pronounced electrophysiological effects than those produced 
by long-term administration of amiodarone. Based on these 
results the authors speculated that iodine in the chemical 
structure-which was believed to be responsible for many of 
the unwanted side effects of amiodarone - was not a necessity 
to produce the 'amiodarone like' chronic electrophysiological 
effects. Our present results obtained in dogs are different, and 
our conclusion is in sharp contrast with those of Sun et al. 
(1999), since in our hands, chronic dronedarone treatment 
did not result in convincing 'amiodarone like' electrophysio-
logical effects. Therefore, our data support previous specula-
tions that iodine in the molecular structure is probably 
needed to cause the characteristic 'amiodarone like' chronic 
electrophysiological changes. 
Also, closer inspection of Table 2 in the study of Sun et 
al. (1999) reveals that the APD values in the control group 
of the chronic experiments were 130 ms, significantly 
shorter than those in the amiodarone (172 ms) and 
dronedarone (183 ms) pretreated groups. However, Figure 
7 of the same report, in which the acute effect of 
dronedarone and amiodarone is presented on the APD, 
shows that in another control group (before dronedarone 
and amiodarone superfusion) APD was 193-205 ms, i.e. 
longer than that after chronic dronedarone and amiodarone 
treatment in Table 2. Furthermore, after chronic treatment 
we found strong use-dependent Vmax block with amiodar-
one but not with dronedarone. In contrast, Sun et al. 
(1999) observed a larger but apparently not use-dependent 
Vmax depression after chronic dronedarone than after 
chronic amiodarone treatment. Although the differences in 
dosage, experimental conditions and species may be of 
some significance, we can not fully explain this discrepancy 
between the results of Sun et al. (1999) and our own 
findings. 
Despite the described differences between our observations 
and the results of Sun et al. (1999), our in vivo (ECG) 
findings with dronedarone virtually confirm the earlier results 
of Manning et al. (1995b) also obtained in dogs. It was also 
found (Verduyn et al., 1999) that in anaesthetized dogs with 
chronic A-V block i.v. dronedarone abolished almokalant 
induced EADs and torsade de pointes tachycardia, a finding 
which is consistent with the result of our similar in vitro 
measurement. 
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On the other hand our in vitro results with dronedarone are 
in good agreement with those of Moro et al. (1999) since we 
have also found only moderate or at cycle lengths shorter 
than 1000 ms use-dependent V , ^ block after acute drone-
darone superfusion. 
Possible mechanism of the effect of dronedarone 
The observed lack of considerable electrophysiological effect 
of chronic dronedarone treatment is an important finding. 
Insufficient absorption of the drug is not a cause, since the 
compound has good bioavailability and yielded significant 
concentration both in the plasma and in the heart. 
Dronedarone, unlike amiodarone, does not affect the level 
of thyroid hormones. Moreover, dronedarone and N-
debutyldronedarone have weak affinity to human nuclear 
thyroid hormone receptors, slightly inferior to those of 
amiodarone (M. Delbruyere, 2001, unpublished results), i.e. 
it is much less than DEA affinity (Latham et al., 1987). These 
observations suggest that the inhibition of the thyroid 
hormone metabolism and/or the blockade of the thyroid 
hormone receptors during the chronic treatment with 
amiodarone are likely due to the accumulation of DEA in 
the tissues rather than to the presence are absence of iodine 
ions in the parent molecule. Furthermore, the decrease of T3 
by DEA may affect the potassium channel protein synthesis 
leading to a decreased density of different potassium channels 
(Varr6 et al., 1996; Kodama et al., 1997; 1999; Bosch et al., 
1999). It has to be mentioned that in the present study, after 
chronic dronedarone treatment, some APD lengthening was 
observed in the right ventricular papillary muscle, at 
stimulation cycle lengths longer than 1000 ms (Figure 1). 
However, at more physiological rates the APD lengthening 
was not present after chronic dronedarone treatment or it 
was too small to measure. In in vivo ECG measurements, 
where the spontaneous cycle length of the dogs was about 
500 - 600 ms, no significant QTc prolongation was found. 
These findings suggest that the observed differences in the 
chronic electrophysiological effects between dronedarone and 
amiodarone are most probably due to the lack of iodine in 
the chemical structure of dronedarone. 
On the basis of the high degree of 7Kr block observed in 
isolated ventricular myocytes after acute dronedarone 
application we could have expected more pronounced APD 
lengthening. It is not clear why the strong Ik, block caused 
by dronedarone was not associated with more marked APD 
prolongation in papillary muscle. The conditions for drug 
diffusion are certainly better in the patch clamp than in the 
conventional microelectrode experiments. Also, one may 
speculate that dronedarone, like amiodarone, has multiple 
sites of action involving other ionic channels (Nattel, 1993; 
Kodama et al., 1997), such as the L-type calcium (Nishimura 
et al., 1989) and inward sodium channels which, by carrying 
depolarizing currents, may oppose the APD lengthening 
effect of the 7KT block. This is definitely more pronounced in 
Purkinje fibres where these latter currents play more 
important role, but this mechanism is also likely to operate 
in the ventricular muscle. 
The dronedarone induced sodium channel block is weaker 
than that evoked by amiodarone, but this may have an 
advantageous consequence. Dronedarone, like amiodarone 
and unlike the 'pure' 7KT blocker d-sotalol, may decrease the 
dispersion of repolarisation between ventricular muscle and 
Purkinje fibres. If this type of dispersion is augmented in 
pathophysiological situations (e.g. myocardial infarction, 
long QT syndrome, hypokalemia), it may facilitate the 
onset of life-threatening arrhythmias, such as 'torsade de 
pointes'; polymorphic ventricular tachycardia. Therefore 
drugs that decrease such an enhanced dispersion may have 
considerable advantage. Since the dronedarone induced 
sodium channel depression is not strong and does not result 
in substantial V , ^ block and slowing of the impulse 
conduction, with this drug the likelihood of the development 
of the CAST type proarrhythmia, which is associated with 
drug induced conduction disturbances, is less likely with 
dronedarone than with other more potent sodium channel 
blockers, including even amiodarone. Furthermore, since the 
dronedarone induced reduction and suspension of DAD and 
EAD is supposedly due to the drug-related inhibition of the 
sodium and particularly the calcium channels, similar 
argument may be valid to interpret the beneficial effect of 
dronedarone on the DAD and EAD, when suppressing these 
afterdepolarizations. 
Conclusion 
It can be concluded that after acute administration the 
cardiac electrophysiological effects of dronedarone are similar 
to those of amiodarone, which may at least partly explain its 
in vivo antiarrhythmic effect. However, after long-term 
administration dronedarone, unlike amiodarone, does not 
produce marked electrophysiological changes. On chronic 
administration N-debutyl dronedarone, the main metabolite 
of dronedarone does not reach electrophysiologically active 
plasma and cardiac tissue levels, whereas N-desethylamiodar-
one, the highly potent principal metabolite of amiodarone, 
accumulates in cardiac tissue. One might therefore speculate 
that N-desethylarruodarone could be, at least in part, 
responsible for the difference in the chronic electrophysiolo-
gical effects of dronedarone and amiodarone. 
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stract - Ambasilide, a representative of Class III antiarrhythmics, was reported to prolong the cardiac action potential duration 
the dog, with little or no effect on Ca and Na currents. We synthesised a series of ambasilide analogues, having the 
-diazabicyclo-[3.2.1]-octane moiety instead of the 3,7-diazabicyclo-[3.3.1]-nonane present in ambasilide. The compounds were 
led both in vitro extracellular electrophysiological assays and by the conventional microelectrode technique. Most of them 
gthened the effective refractory period (ERP) with no change or slight increase on the impulse conduction time (ICI). Similarly 
ne of the tested compounds lengthened the action potential duration (APD), a typical Class III feature, without exerting any 
¡\ificant effect on the maximal rate of depolarization, therefore apparently lacking Class I antiarrythmic activity. © 2001 Éditions 
întifiques et médicales Elsevier SAS 
iarrhythmic activity / ambasilide / diazabicyclo-|3.2.1)-octane 
Introduction 
The results of the cardiac arrhythmia suppression 
il (CAST) unexpectedly showed that the sodium 
rnnel blocker (Class I) antiarrhythmic drugs 
;ainide and encainide did not decrease but actually 
ireased sudden cardiac death in postinfarction pa-
nts [1]. As a consequence, development of almost 
Class I antiarrhythmics was halted and, parallel 
;h this, interest was shifted toward Class III an-
rrhythmic agents. Compounds belonging to the 
ter class, such as D-sotalol, E-4031 and dofetilide, 
gthen repolarization and the effective refractory 
-iod (ERP) with no influence on the sodium current 
J the impulse conduction. The currently available 
xt ive Class III antiarrhythmic agents such as D-so-
orrespondence and reprints 
-,-mail address: daniela.barlocco@unimi.it (D. Barlocco). 
talol, E-4031 and dofetilide inhibit effectively, the 
rapid component of the delayed rectifier outward 
potassium current (1^), thereby they prolong the ac-
tion potential duration (APD) [2]. The APD-length-
ening effect is more pronounced at slow heart rate 
than during tachycardia. This reverse frequency-de-
pendent effect could be dangerous during bradycar-
dia. A recent clinical trial with the selective 7K, 
blocker D-sotalol (survival with oral D-stall, 
SWORD) [3] proved that this agent also increased the 
mortality in patients suffering from myocardial in-
farction. This negative result has been explained by 
proarrhythmic potential of the drug as a possible 
consequence of its reverse frequency dependent repo-
larization lengthening effect. Recently it was also re-
ported that ambasilide (1) (see figure 1), a new Class 
III antiarrhythmic drug, produced less reverse fre-
quency dependent A P D prolongation [4] in compari-
son to the effect of other Class III antiarrhythmic 
agents [5]. 
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AMBASIL1DE (1) 
ure 1. Ambasilide. 
Therefore, the goal of the present work was to 
sign and synthesise new ambasilide analogues with 
frequency independent A P D lengthening effect; 
:h compounds may be expected to exert more ad-
otageous antiarrhythmic activity. Accordingly, 
mpounds 2a and 3 were prepared, in which the 
izabicyclo-[3.3.1]-nonane nucleus of the model was 
DStituted by the lower homologue diazabicyclo-
2.1]-octane. In addition, several derivatives (2b, c, 
g) which combine the diazabicyclooctane moiety 
N—CH2 
2c R = NHz 
2f R - NHCOCH3 
from 2e 
with side chains previously investigated in Class III 
antiarrhythmics [6-8] were synthesised. Finally, the 
intermediate nitro derivative 2d and its open analogue 
4 were also considered. 
2. Chemistry 
As shown in figure 2, the 3-benzyl-3,8-diazabicyclo-
[3.2.1]-octane [9] was condensed either with the ap-
propriate acyl chloride to give 2a,d or with the 
required 2-(4-substituted-phenoxy)-1 -chloroethane 
(5a,b) [10, 11] to provide 2e,f. Treatment of the amino 
derivative 2a with methanesulfonyl chloride in pyri-
dine at 0 °C gave 2b. However, if the reaction was 
carried out in CH2C12 at reflux, 2c was obtained. The 
reverted isomer 3-(4'-aminobenzoyl)-8-benzyl-3,8-di-
azabicyclo-[3.2.1]-octane (3) was synthesised from 8-
Boc-3,8-diazabicyclo-[3.2.1]-octane [12], that was 
condensed with />-amino-benzoyl-chloride in CH2C12 
- H Q J -




from 2a cord 
2b R - NHS02CH3 
2c R=N(S02CH3)2 
N - C H 2 -o 
H3CO2SHN 
N—CTE 
a) n - ( f y - c o a , TEA,CH2CFE,A; 
b) — - ^ ( i a . b ) , TEA, 180°C, O.Sh; 
c) CH3S02CT Py, 0-5°C; 
D)CH3S02CT CH2CH, A. 
;ure 2. Synthetic route to compounds 2a-g . 
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Boc—N-
N - H 
Boc—N 
•NH2 




N - C -
0 
NH2 
a) coci, TEA, CH 2C12, A 
b) HClg, diethyl ether, r.t 
c) . TEA, CH 2C12, A 
;ure 3. Synthetic route to compound 3. 
the presence of triethylamine (TEA). Deprotection 
the amino group by an ether solution of hydro-
loride acid and subsequent condensation with ben-
I chloride gave 3 (see figure 3). Finally, (figure 4) 
mpound 4 was prepared from the 2,6-dimethyl 
jerazine by condensing first with benzyl chloride in 
uene at reflux overnight and subsequently with 
litrobenzoyl chloride (see table I and Section 6 for 
ta). 
Pharmacology 
rhe compounds were tested both by in vitro extra-
lular electrophysiological assays and by the con-
ltional microelectrode technique (see Section 6 for 
tails). 
Results and discussion 
. Biological data 
The compounds were first tested by in vitro 
racellular electrophysiological methods measuring the 
impulse conduction time (ICT) and effective refractory 
(ERP) period in isolated dog cardiac right ventricular 
trabecular muscles. As table II shows, all the tested 
compounds with the exception of 2g, lengthened the 
ERP with either only slightly or not changing the ICT. 
« - w - w 
N - H ~ N - C H 2 - ( 3 
N-CH 2 -
- o 
a) , TEA, toluene, A 
b) TEA, toluene, A 
Figure 4. Synthetic route to compound 4. 




7 * ^ N - C H 2 -
2a-g 








CO . N H , 
CO NO, 
OCH,CH 2 NH2 
37 
CO NHSO,CH, 35 
CO N(SO,CH3)2 50 
45 
35 
OCH,CH, N H C O C H , 12 
OCH2CH2 N H S 0 2 C H 3 28 
186-189 C2 0H2 3N3O 
HCl 
157-159 C2 1H2 5N303S 
HCl 
210-212 C2 2H2 7N305S2 
HCl 
190-192 C2 0H2 iN3O3 
HCl 
180-181 C 2 1 H 2 7 N 3 0 
HCl 
95-97c C 2 3H 2 9N 30 2 
198-199 C 2 2 H, 9 N 3 0 3 S 
HCl 
15-2.4 (m, 4H H-6,7); 3.3-3.7 (m, 4H H-2,4); 4.2-4.3 (m, 1H H-l); 
4.4 (s, 2H CH2-Ph); 4.69 (bs., 2H NH2 exch. with D 2 0) ; 4.9-5.0 (m, 
1H H-5); 6.6 (d, 2H H-3',50; 6.7 (d, 2H H-2',60; 7.5-7.7 (m, 5H 
H A r -Ph ) . 
1.9-2.4 (m, 4H H-6,7); 3.2 (s, 3H S02CH3); 3.3-3.7 (m, 4H H-2,4); 
4.2-4.3 (m, 1H H-l); 4.4 (s, 2H CH2-Ph); 4.3^4.6 (m, 1H H-5); 
4.9-5.1 (m, 1H exch. with D , 0 NH); 7.5-7.7 (m, 7H H A r - P h H-3',50; 
7.4 (d, 2H H-2',60-
1.9-2.4 (m, 4H H-6,7); 3.3-3.5 (m, 4H H-2,4); 3.6 (s, 6H (S02CH3)2); 
4.3-4.5 (m, 1H H-l); 4.4 (s, 2H CH2-Ph); 4.9-5.1 (m, 1H H-5); 
7.5-7.6 (m, 5H H ^ - P h ) ; 7.6-7.8 (m, 4H H-2',3',5',60-
1.9-2.4 (m, 4H H-6,7); 3.2-3.8 (m, 4H H-2,4); 4.3-4.4 (m, 1H H-l); 
4.5 (s, 2H CH2-Ph); 4.9-5.1 (m, 1H H-5); 7.5-7.7 (m, 5H H A r -Ph) ; 
7.7 (d, 2H H-2',60; 8.4 (d, 2H H-3',50-
1.8-2.0 (m, 4H H-6,7); 2 4 (m, 2H CH2-N ); 2.5-2.7 (m, 2H H-2,4); 
2.7-2.9 (m, 2H H-2,4); 3.2-3.3 (m, 2H CH2-0); 3.3 (s all., 2H exch. 
with D 2 0 NH2); 3.5 (s, 2H CH2-Ph); 4.0-4.1 (m, 2H H-l,5); 6.6 (d, 
2H H-3',50; 6.7 (d, 2H H-2',60; 7.5-7.7 (m, 5H H ^ - P h ) . 
1.8-2.0 (m, 4H H-6,7); 2.1 (s, 3H COCH3); 2.3 (d, 2H CH2-N); 
2.5-2.7 (m, 2H H-2,4); 2.7-2.9 (m, 2H H-2,4); 3.1-3.3 (m, 2H 
CH 2-0) ; 3.5 (s, 2H CH2-Ph); 4.0-4.2 (m, 2H H-l,5); 6.8 (d, 2H 
H-2',60; 7.1-7.3 (m, 5H H A r -Ph) ; 7.4 (d, 2H H-3',50; 8.1-8.4 (m, 1H 
exch. with D 20) d . 
1.8-2.0 (m, 4H H-6,7); 2.3-2.7 (m, 4H H-2,4); 2.7-2.9 (m, 2H 
CH2-N); 2.9 (s, 3H S02CH3); 3.2-3.4 (m, 2H CH2-0); 3.5 (s , 2H 
CH2-Ph); 4.0-4.2 (m, 2H H-l,5); 5.8-6.4 (m, 1H exch. with D , 0 
NH); 6.8 (d, 2H H-3',50; 7.2 (d, 2H H-2',60; 7.2-7.4 (m, 5H 
H A r -Ph ) ; 
a As the hydrochloride. 
" Analyses were within + 0.4% of the theoretical values. 
0 As the free base. 
d CDC13 as the solvent. 
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ble D. Effects of 2a-g, 3 ,4 and reference compounds on the 
pulse conduction time and effective refractory period in 
Dated dog right ventricular trabecular muscle". 
impounds (10 pM) n b ICTC (ms) ERP d (ms) 
ntrol 8 15.6 + 1.7 238.7 + 3.5 
8 17.5 + 1.6" 264.4 + 5.5 " 
ntrol 8 15.6 ±1.2 251.2 + 4.8 
8 18.0 + 1.2" 275.0 + 5.9 ' 
ntrol 12 14.7 ±1.3 250.8 + 3.8 
12 14.8 + 1.2 279.6 + 5.2 " 
ntrol 12 13.3+0.5 246.7 + 5.7 
12 14.2 ±0 .5" 261.2 + 6.0" 
ntrol 8 14,5 + 1.3 253.7 + 5.0 
8 17.0 + 1.2" 267.5 + 4.1« 
ntrol 12 17.4 ±0.9 240.0 + 2.1 
12 19.3 ±1 .1" 257.5 + 2.8 " 
ntrol 8 13.1 ±0.8 238.7 + 4.1 
8 15.0 ±1 .1" 243.7 + 4.2 
ntrol 8 17.5 ± 1.4 251.2 + 4.8 
8 20.9 ±1 .5" 268.7 + 4.5« 
ntrol 12 11.8+0.6 230.8+4.2 
12 12.7 ±0 .6" 247.1+4.2" 
ntrol 12 14.5 ±1.3 249.2 + 3.1 
ibasilide 12 18.7 ±2 .2" 275.0 ±3.8" 
UM) 
ntrol 12 13.2 ±1.2 245.0 + 5.1 
1031 12 14.8 ±0 .9" 266.2 ±3.9« 
pM) 
Emulation frequency 1 Hz. 
= number of preparation. 
IT = impulse conduction time. 
RP = effective refractory period. 
<0.05. 
ese changes suggested that these compounds exert 
lolarisation lengthening (action potential duration 
gthening) effect in the dog ventricle. This possibility 
s further tested by the conventional microelectrode 
tmique (see later). The possible effect of compounds 
the ATP-sensitive potassium current was also tested 
;h extracellular in vitro electrophysiological technique 
asuring the ERP before and after the application of 2 
I Cromakalim. Cromakalim [13] is a known opener of 
: ATP-sensitive potassium channels and thereby 
»rtens cardiac repolarisation and consequently the 
.P. The attenuation or prevention of the Cromakalim 
luced ERP shortening was considered as inhibition of 
i ATP sensitive potassium current. As table III shows 
2e and 2f significantly attenuated the Cromakalim 
»ked ERP shortening which suggests that these com-
ands may inhibit the ATP sensitive potassium current 
some degree. The effects of the 2a,b,d-g, 4 and 
srence compounds on the action potential parameters 
were studied in dog right ventricular papillary muscles 
by the conventional microelectrode technique. The re-
sults are summarised in table IV. Moreover, the most 
significant results are illustrated in the figure 5. Com-
pounds 2b, 2d and 4 but not 2a, 2e, 2f, 2g lengthened 
the action potential duration (APD) without apparently 
influencing the action potential amplitude (APA) and 
maximal rate of depolarisation (K^x). The repolarisa-
tion lengthening — so called Class III antiarrhythmic 
effect — observed with most of the available Class III 
antiarrhythmic drugs strongly depends on the heart rate 
or stimulation frequency. The slower the rate the more 
pronounced APD lengthening was observed, which phe-
nomenon was called reverse use or rate dependency [14], 
This is considered as a disadvantageous feature since the 
excessive APD prolongation at slow rate may induce 
early after depolarisation (EAD) and consequently tor-
sade de pointes tachycardia. In addition, at high rate, 
i.e. at tachycardia, where possible APD lengthening 
would be especially important to prevent re-entry type 
tachycardia, the less pronounced APD prolongation 
may diminish antiarrhythmic effectiveness. Therefore we 
Table III. Effects of 2a-g and 4 on the 2 pM Cromakalim 
(CR) evoked ERP shortening in dog cardiac right ventricular 
trabecular muscle". 
Compounds n b ERP" (ms) Change 
(10 pM) (%) 
Before CR d After CR 
Control 12 233.3+4.8 176.2 + 3.8 -24 .3+1 .5 
2a 12 249.6 + 3.8 212.5 + 5.3 -14 .9+1.6« 
Control 12 230.8 + 7.5 160.4 + 6.5 -30.6 + 0.9 
2b 12 256.2 + 8.0 166.7 + 6.7 -35.1 + 1.0 
Control 12 253.3+4.1 190.0 + 4.1 -25 .0+1 .0 
2c 12 252.9 + 4.0 185.0 + 2.3 -26 .7+1 .2 
Control 12 236.7 + 2.6 147.5 + 7.3 -37.8 + 2.8 
2d 12 242.5 + 3.1 157.5 + 9.4 -34.9 + 4.1 
Control 12 255.0 + 3.8 160.0 + 6.1 -37.2 + 2.4 
2e 12 270.0 + 4.4 229.2 + 6.0 -14.7 + 2.9« 
Control 12 249.2 + 3.1 172.5 + 3.7 -30 .7+1 .7 
2f 12 267.1 +3.4 233.3+4.5 -12.5+1.7« 
Control 12 246.7 + 4.7 165.0 + 5.4 -32.6 + 2.5 
2g 12 261.7 + 3.7 190.0 + 4.1 -27 .3+1.8 
Control 12 241.7 + 3.2 161.7 + 5.9 -33 .3+1 .7 
4 12 260.4 + 5.2 179.6 + 5.2 -31.0 + 2.0 
" Stimulation frequency 1 Hz. 
b « = number of preparation. 
c ERP = effective refractory period. 
d CR = cromakalin (2 pM). 
«/><0.05. 
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t>le IV. Effects of 2a,b,d-g, 4 and reference compounds on 




A P A a (mV) APDso b (ms) CnaxC(V/s) 
atrol 3 107.0 + 2.1 263.7 ±25 .3 198.3 ±26 .9 
3 109 + 3.2 261.0 ±28 .7 203.7 ± 22.4 
atrol 4 107.2 + 1.2 235.5 ± 2 . 0 208.5 ± 22.4 
4 111.2 + 2.6 280.2 ± 8.2 d 206.7 ± 15.37 
ltrol 4 109.0 + 1.3 237.5 ± 10.4 245.7 ±21 .1 
4 108.7 + 1.9 260.7 ± 11.5 d 240.2 ± 23.2 
itrol 3 104.3 + 1.5 245.3 ± 4.9 196.7 ±30.1 
3 105.2 + 2.0 245.3 ± 16.5 176.3 ±22 .1 
itrol 3 109.7+0.9 242.0 ± 14.5 285.3 ±21 .7 
3 111.7+0.3 229.0 ± 17.4 283.0 ±20 .6 
itrol 3 110.0 + 2.9 257.7 + 5.5 186.7 ± 15.6 
3 110.3+2.0 257.0 ± 7 . 0 187.0 ± 18.0 
itrol 3 106.0 + 3.0 241.7 ± 6 . 7 199.3 ± 9 . 3 
3 106.0 + 3.1 254.7 ± 3.7 d 202.0 ± 10.2 
itrol 4 111.0 + 1.7 247.7 ± 13.7 220.5 ± 12.9 
basilide 4 111.7+2.6 299.7 ± 17.5 d 210.0 ± 5 . 0 
10 pM) 
ltrol 4 113.0+0.7 258.5 ± 10.4 174.5 ± 7 . 5 
031 (1 4 113.5 ± 0 . 6 301.2 ± 4.2 d 179.7 ± 1.7 
M) 
nulation frequency 1 Hz. 
PA = action potential amplitude. 
PDgo = 90% repolarisation. 
m = maximal rate of depolarisation. 
<0.05. 
search to those solutions whose numbers of pharma-
cophore points are as high as possible (because more 
common pharmacophore points will present a better 
overall fit) and whose superposition is still acceptable. 
On the other hand, consideration based on X-ray crys-
tallographic evidence suggests that a rigid superposition 
of pharmacophore points is unnecessary. Therefore one 
generally considers a 1 A tolerance between pharma-
cophoric elements to be very good and tolerance of 2 À 
to be acceptable. Therefore 1.5 A tolerance, with the 
maximum number of pharmacophoric elements seems to 
• 10 MM 2b 
CYCLE LENGTH (8) 
;stigated the frequency dependent effect of 2b, 2d, 
031 and ambasilide on the APD in dog right papil-
! muscle. As figure 5 shows, E-4031 exerted the 
avourable reverse rate dependent APD prolongation 
le after 2b, 2d and ambasilide application the APD 
'thening effect was not apparently dependent on the 
îulation frequency. 
Figure 5. The frequency dependent effect of 2b, 2d, ambasilide 
(1) and E-4031 on the action potential duration at 90% of 
repolarization (APD90) in dog right ventricular papillary mus-
cle is represented. The abscissa shows the stimulation fre-
quency expressed in cycle lengths, the ordinate indicates the 
normalized APD lengthening expressed in percentage. Values 
represent the mean of four successful experiments, bars indi-
cate ± standard error. 
Modeling 
1. Conformation analysis 
lesults are summarised in table V, where minimal 
I maximal conformational energy values for each 
tpound are listed. All generated structures were used 
DISCO computations. 
2. DISCO analysis 
he calculation forced to find at least one donor 
m, one acceptor atom and two hydrophobic centres 
ilted in 119 models. The user must constrain the 
Table V. Minimal and maximal conformational energy values 
(Kcal/mol) of compounds 2a g and ambasilide. 
Compound F . min F 
Ambasilide 66.08 70.41 
2a 19.48 27.72 
2b 19.63 28.58 
2c 19.20 28.68 
2d 21.67 29.90 
2e 14.64 25.87 
2f 17.73 30.21 
2g 13.58 27.04 
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jure 6. The compounds as aligned by DISCO. The reference 
ilecule, ambasilide, is black. 
ble VI. Scores of the final model for compounds 2a g and 
basilide. 
rnpound FIT a Overlap b A E c Tolerance d 
ibasilide 0.00 273.12 0.00 0.00 
0.82 170.37 0.42 1.19 
0.83 167.75 0.80 1.19 
1.74 144.00 0.72 1.19 
1.73 144.00 0.40 1.19 
1.28 157.25 2.15 1.00 
1.09 177.75 4.08 1.46 
1.55 156.37 7.90 1.12 
IT, RMS deviation of feature atom coordinates from those 
' o 
the corresponding reference features (A). 
iVERLAP, intersection of the van der Waals volumes of the 
erence and the superimposed molecule (A3). 
E, the increase in conformational energy of the conformer 
:r the minimal energy conformation of the compound, 
olerance, maximal distances between the corresponding fae-
es of the reference and the superimposed molecule. 
a good compromise. The final model has been se-
ted from the set of models mentioned above by the 
;rgy values of the reference conformers, since the 
motive conformation probably is one of the low-en-
jy conformers. Moreover a visual inspection of the 
gnment of this model, also revealed a favorable over-
i of molecular parts other than those identified for the 
armacophore. The final model is displayed in figure 6. 
contains one donor atom, (protonated N), one accep-
• oxygen atom and four hydrophobic centers. Scores 
, overlap, relative energy of the selected conformer) 
of the final model are displayed in table VI. The dis-
tances of the most important pharmacophoric elements 
are shown in table VII and. VIII. Relative energy (Erei) is 
the increase in conformational energy of a conformer 
over the lowest energy conformer of the compound. 
Reference structure ambasilide with pharmacophoric el-
ements found by DISCO is displayed by figure 7. The 
key features of this pharmacophore (DA, HYD5 and 
HYD6) are in appropriate agreement with the most 
important elements of the model defined in a previous 
study [15]. The pharmacophoric model defined could be 
useful for designing novel compounds with Class III 
antiarrhythmic activity. 
5. Conclusions 
A new series of ambasilide analogues were synthe-
sised which have the 3,8-diazabicyclo-[3.2.1]-octane 
Table VII. Distances (in A) between pharmacophoric elements 
of the final model. 
Distance (Â) TOL 1 2 
5.53 1.50 AA1 DA2 
3.59 1.50 AA1 HYD3 
4.87 1.50 AA1 HYD4 
3.63 1.50 AA1 HYD5 
6.44 1.50 AA1 HYD6 
2.87 1.50 DA2 HYD3 
1.52 1.50 DA2 HYD4 
6.94 1.50 DA2 HYD5 
3.81 1.50 DA2 HYD6 
1.58 1.50 H YD 3 HYD4 
5.02 1.50 HYD3 HYD5 
5.23 1.50 HYD3 HYD6 
6.28 1.50 HYD4 HYD5 
4.72 1.50 HYD4 HYD6 
6.31 1.50 H YD 5 HYD6 
TOL = tolerance of the distances. AAl = H-bond acceptor 
atom, DA2 = H-bond donor atom, HYD3,4,5,6 = Hydropho-
bic centers. 
Table VIII. Atomic coordinates of the final model. 
Atom X Y Z 
AA1 -5.764856 -1.590058 -3.191282 
DA2 -9.541248 -4.035973 0.026391 
HYD3 -7.804212 -4.352076 -2.264429 
HYD4 -9.055249 -4.621854 -1.237577 
HYD5 -2.912106 -3.460097 -1.956332 
HYD6 -7.024588 -3.495673 2.834229 
i 2 S. Villa et al. / European Journal of Medicinal Chemistry 36 (2001) 495-506 502 
HYD4 HYD3 
A A l - H- tgod acceptor Mom, D A 2 - H bond donor a t o m H Y D 3 . 4 A . 6 - Hyrophobic cpotets 
;ure 7. Pharmacophoric elements of ambasilide found by 
SCO. 
jiety instead of the 3,7-diazabicyclo-[3.3.1]-nonane 
jsent in the reference compound. The compounds 
re tested to verify their capability to exert Class III 
tiarrhythmic effects, both in vitro extracellular elec-
»physiological assays and by the conventional mi-
jelectrode technique. Most of them lengthened the 
ective refractory period (ERP) with significant in-
:ase on the impulse conduction time (ICT). More-
er, they lengthened the action potential duration 
PD), a typical Class III feature, without exerting 
y significant Class I antiarrythmic activity. 
Compounds reported in this paper are expected to 
ssess significant Class III type antiarrhythmic activ-
. Further work is now in progress to investigate the 
vivo effects of these substances. 
Experimental 
Chemistry 
Vlelting points were determined with a Biichi 510 
ullary apparatus and are uncorrected. 'H NMR spec-
were recorded on a Brucker AC200 spectrometer; 
:mical shifts are reported as 5 (ppm) relative to 
ramethylsilane as internal standard; dimethyl 
phoxide-<4 was used as the solvent, unless otherwise 
ted. TLC on silica-gel plates was used to check 
>duct purity. Silica gel 60 (Merck 70-23 mesh) was 
:d for column chromatography while Silica gel 60 
erck 230-400 mesh) for column flash chromatogra-
y. Elemental analyses were within ±0.4 of the theoret-
ical values. The structures of all compounds were 
consistent with their analytical and spectroscopic data. 
6.1.1. 3-Benzyl-8-substituted 
benzoyl-3,8-diazabicyclo -[3.2.1 [-octanes (2a,d) 
A mixture of the appropriate benzoyl chloride (0.01 
mol), 3-benzyl-3,8-diazabicyclo-[3.2.1]-octane [9] (0.01 
mol) and triethylamine (0.01 mol) in dichloromethane 
(20 mL) was refluxed overnight. After cooling, the inor-
ganic salts were filtered off, the solvent evaporated and 
the crude product purified by silica-gel chromatography, 
eluting with dichloromethane-ethyl acetate (9:1) (see 
table I for data). 
6.1.2. 3-Benzyl-8-(4'-methanesulfonanilide)-
carbonyl-3,8-diazabicyclo-[3.2.1]-octane (2b) 
To a vigorously stirred solution of 2a (1 g, 3.1 mmol) 
in pyridine (20 mL) cooled at 0 - 5 °C, methanesulfonyl 
chloride (0.25 mL, 3.1 mmol) was added dropwise. The 
reaction mixture was poured into water (80 mL) and 
extracted with ethyl acetate (3x30mL). The organic 
layers were collected and dried (Na2S04) and the solvent 
evaporated to give 2b, which was purified by silica gel 
chromatography, eluting with dichloromethane -
methanol (49:1) (see table I for data). 
6.1.3. 3-Benzyl-8-(4'-bis-methansulfonanilide)-
carbonyI-3,8-diazabicyclo-[3.2.1]-octane (2c) 
To a vigorously stirred solution of 2a (1 g, 3.1 mmol) 
in dichloromethane (20 mL), cooled at 0 - 5 °C, 
methanesulfonyl chloride (0.5 mL, 6.2 mmol) was added 
dropwise and the reaction refluxed for 1 h. After cool-
ing, the reaction mixture was poured into water (80 mL) 
and extracted with ethyl acetate (3x30 mL). The or-
ganic layers were collected and dried (Na2S04) and the 
solvent evaporated to give 2c, which was purified by 
silica gel chromatography, eluting with dichloro-
methane-methanol (19:1) (see table I for data). 
6.1.4. 3-Benzyl-8-aryloxy-ethylen-3,8-
diazabicyclo -[3.2.1]-octane (2ef) 
A mixture of the appropriate chloride (5a,b) (0.01 
mol), 3-benzyl-3,8-diazabicyclo-[3.2.1]-octane [9] (0.01 
mol) and triethylamine (0.01 mol) was heated at 180 °C 
for 0.5 h. After cooling the crude product was purified 
by silica gel chromatography, eluting with dichloro-
methane-methanol (19:1) (see table I for data). 
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1.5. 3-Benzyl-8-(4'-methanesulfonanilide)-
kylen -3,8-diazabicyclo -[3.2.1 J-oclane (2g) 
Compound 2g was prepared as above reported for 2b 
irting from 2e (see table I for data). 
1.6. 3-(4'-Aminobenzoyl)-8-benzyl-3,8-diazabicyclo-
2.1]-octane (3) 
The 8-Boc-3,8-diazabicyclo-[3.2.1]-octane [12] was 
ndensed with p-amino-benzoyl chloride as above re-
rted for 2a to give the 3-(4'-amincibenzoyl)-8-Boc-3)8-
izabicyclo-[3.2.1]-octane. Yield 60%, oil. 
'H NMR: (CDClj) 1.5 (s, 9H 3xCHa); 1.7-2.0 (m, 
I H-6,7); 3.0-3.4 (m, 4H H-2,4); 3.9 (bs, 2H exch. 
th D 2 0 NH2); 4.1-4.4 (m, 2H H-1,5); 6.7 (d, 2H 
3',5'); 7.2 (d, 2H H-2',6'). 
To a cooled solution of 3-(4'-aminobenzoyl)-8-Boc-
l-diazabicyclo-[3.2.1]-octane (0.01 mol) in diethyl 
ler (10 mL) a solution of HC1 in diethyl ether was 
ded until the pH was about 1 and the mixture stirred 
srnight at room temperature (r.t.). Sodium hydroxide 
N) was then added until pH 9, the layers separated 
i the aq phase extracted twice by diethyl ether (2x20 
J) The reunited organic layers were dried over sodium 
fate and the solvent evaporated to give 3-(4'-amino-
izoyl)-3,8-diazabicyclo-[3.2.1 ]-octane (90%) which 
s directly condensed with equimolar benzyl chloride 
CH2C12 at reflux in the presence of TEA to give 3. 
;ld 65%, oil. 
H NMR: (CDClj) 1.4-2.0 (m, 4H H-6,7); 2.2-2.5 
, 1H H-2); 2.6-2.8 (m, 1H H-4); 3.0-3.4 (m, 2H exch. 
h D 2 0 NH2); 3.4-3.5 (m, 2H H-2,4); 3.8-4.0 (m, 1H 
1); 4.3 (s, 2H CH2-Ph); 4.6-4.8 (m, 1H H-5); 6.5-6.7 
, 2H H-3',5'); 7.2-7.5 (m, 7H 5HAr-Ph , H-2',6'). 
. 7. 4-Benzyl-1 -(4'-nitro -phenyl)-
bonyl-2,6-dimethyl-piperazine (4) 
\ mixture of 2,6-dimethyl-piperazine (1 g, 8.75 
lol), benzyl chloride (1.1 g, 8.75 mmol) and triethy-
line (0.85 mL, 8.75 mmol) in toluene (10 mL) was 
uxed overnight. After cooling, the inorganic salts 
re filtered off and the solvent evaporated to give 
enzyl-2,6-dimethyl-piperazine which was used with-
; further purification, 
mixture of 4-benzyl-2,6-dimethyl-piperazine (0.74 g, 
mmol), />-nitro-benzoyl chloride (0.67 g, 3.6 mmol) 
1 triethylamine (0.35 mL, 3.6 mmol) in toluene (10 
,) was refluxed overnight. After cooling, the inorganic 
;s were filtered off and the solvent evaporated to give 
rude product (0.12 g), which was purified by silica gel 
chromatography, eluting with dichloromethane-ethyl 
acetate (19:1). 
Yield 10% oil. 'H NMR: (CDClj) 1.3 (s, 3H CH3); 1.4 
(s, 3H CH3); 2.1-2.3 (m, 2H H-3,5); 2.7 (m, 2H H-3,5); 
3.5 (s, 2H CH2-Ph); 3.8-4.4 (m, 2H H-2,6); 7.2-7.4 (m, 
5H H^-Ph); 7.5 (d, 2H H-2',6'); 8.2 (d, 2H H-3',4'). 
6.1.8. 2-(4-acetamidophenoxy)-l-ethanol (5a) and 
2-(4-aminophenoxy)-l -chloroethane (5b) 
To a well stirred solution of 4-acetamidophenol (33.75 
g, 0.222 mol) and sodium hydroxide (9.38 g, 0.235 mol) 
in water (118 mL), ethylene chlorohydrine (18.75 g, 
0.232 mol) was added, and the reaction mixture heated 
at 60-70 °C for 8 h. After cooling, the solution was 
kept in the refrigerator overnight. The so formed crys-
tals were filtered, washed with water (2x50 mL) and 
dried to give 2-(4-acetamidophenoxy)-l-ethanol (5a) [10] 
(36.68 g; 84.6%). mp 124-125 °C 'H NMR (CDC13): 
2.1 (s, 3H CH3); 2.2 (bs, 1H exch. with D 2 0 OH); 3.8 
(m, 2H CH2-N); 4.2 (t,2H CH2-0); 6.8 (d, 2H H-2',6'); 
7.2 (bs, 1H exch. with D 2 0 NH); 7.4 (d, 2H H-3',5'). 
To a well stirred solution of 2-(4-acetamidophenoxy)-
1-ethanol (13.6 g, 0.07 mol) in chloroform (26 mL) and 
JV.JV-dimethyl-formamide, at 0 - 5 °C, a cold (0-5 °C) 
solution of thionyl chloride (6 mL) in chloroform (9 
mL) was added dropwise during 30 min. The mixture 
was refluxed for 2.5 h, then evaporated to dryness under 
vacuum to give an orange oil, which was added of water 
(70 mL) and conc. HC1 (68 mL), refluxed for 0.5 h and 
filtered while still hot. After cooling, the so formed 
crystals were separated to give 2-(4-aminophenoxy)-l-
chloroethane hydrochloride [10], which was dissolved in 
water (74 mL) at 60 °C and the pH brought to 7 by 
dropwise addition of conc. ammonium hydroxide (5.2 
mL). The mixture was cooled and filtered, the crystals 
washed with water (2x50 mL) and dried to give 5b [11] 
(10.1 g, 85%), m.p.: 88-90 °C. 'H NMR (CDC13): 3.8 
(t, 2H CH2-C1); 4.2 (t, 2H CH2-0); 6.8 (d, 2H H-3',5'); 
7.2 (bs, 1H exch. with D20); 7.4 (d, 2H H-2',6'). 
6.2. Biological section 
6.2.1. Extracellular electrophysiological recordings [16) 
Adult mongrel dogs (5-12 kg) were anaesthetized by 
30 mg/kg intravenous pentobarbital. Their hearts were 
removed and small pieces of right ventricular papillary 
and trabecular muscle muscles were prepared and placed 
into the tissue bath (50 mL) which contained modified 
Tyrode's solution (Na+ 140 mM, K+ 4 mM, Ca 1.8 mM, 
Mg2+ 1.0 mM, CI" 129.6 mM, HCOi 20 mM and 
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icose 11 mM) and was oxygenated with 95% 0 2 and 
j C02 . The temperature was kept constant at 36± 
i °C. The pH was 7.4 ±0.05. 
During the equilibration period (60 min) the right 
itricular trabecular muscle preparations were driven 
:h stimuli of 2 ms duration and twice the diastolic 
eshold strength at 1000 ms of cycle length through 
lolar platinum electrodes. To measure conduction 
se, bipolar extracellular platinum electrodes (diame-
= 0.1 mm) were placed on the surface of the right 
itricular wall along the direction of the trabecular 
iscle fibers, 10-12 mm away from the stimulating 
ctrodes, and the propagated biphasic action poten-
Is were recorded extracellularly. The propagated ex-
cellular action potentials appeared at the recording 
ctrode, and the time difference between the sign of 
i stimulus artifact and the first inflexion point of the 
racellular potential provided a measure of conduction 
te. The extracellular action potentials were amplified 
h an amplifier (Eltron GMK) and were displayed on 
i screen of an oscilloscope (Medicor VM 62 A), 
rhe effective refractory period (ERP) was determined 
three times the threshold strength using twin impulses 
h gradually increasing the coupling intervals. 
The stimulation frequency was varied between 3 and 
Hz. Measurements were taken after sufficient adap-
ion of the fibers to the new cycle length. 
Drugs were diluted directly in the tissue bath from 10 
A stock solution dissolved in DMSO to reach the 
propriate final concentrations. The solvent at 0.1% 
. not evoke significant changes in the measured 
ameters. 
The drug effects were determined after 30-45 min 
lilibration period after which steady-state drug effects 
re achieved. Student's J-test for paired data was used 
determine statistical significance .of the results. The 
ults were considered significant when P was <0.05. 
.2. Conventional microelectrode technique [17] 
Adult mongrel dogs (5 -12 kg) of both sexes were 
d. After animals were anaesthetized with sodium 
itobarbital 30 mg/kg intravenously, their hearts were 
•idly removed through right lateral thoracotomy and 
nediately rinsed in oxygenated Tyrode's solution con-
ling (in mM): Na+ 140, K+ 4, Ca2+ 1.8, Mg2+ 1, Cl" 
».6, HCOj 20, and glucose 11. The pH of this solution 
5 7.35-7.45 when gassed with 95% 02 /5% C0 2 at 
°C. Right ventricular papillary muscles were individ-
ly mounted in a tissue chamber ( ~ 50 mL vol). Each 
paration was initially stimulated (HSE stimulator 
e 215/11.) at a basic cycle length (BSL) of 1000 ms 
(frequency 1 Hz), using 2 ms rectangular constant cur-
rent pulses isolated from the ground across bipolar 
platinum electrodes in contact with the preparation. At 
least 1 h was allowed for each preparation to equilibrate 
while it was continuously superfused with Tyrode's solu-
tion. The temperature was kept constant at 37 °C. 
Transmembrane potentials were recorded by conven-
tional microelectrode techniques. Microelectrodes filled 
with 3 M KC1 with tip resistances of 5 - 2 0 Mfl were 
connected to the input of a high-impedance electrometer 
(HSE microelelctrode amplifier type 309) referenced to 
the ground. The first derivative of transmembrane 
voltage with respect to time (Fmax) was electronically 
derived by (HSE differentiator type 309) with linear 
response in the range of 20-1000 V/s. Voltage outputs 
from all amplifiers were displayed on a dual-beam mem-
ory oscilloscope (Tektronix 2230 100 MHz digital stor-
age oscilloscope). 
Resting membrane potential (RP), action potential 
amplitude (APA), and action potential duration at 90% 
of repolarization (APD90) were obtained with software 
(developed in our institution) with an 386 IBM-compat-
ible computer connected to the digital output of the 
oscilloscope. When different steady-state stimulation cy-
cle lengths were applied, action potential parameters 
were measured at each cycle length after adaptation to 
the new pacing cycle length (usually after 2 min). 
The preparations were superfused for 30 min with the 
tested compounds before measurements started. If possi-
ble, the same impalement was maintained throughout 
the experiment. When impalement was lost during mea-
surement, readjustment was attempted. If the readjusted 
parameters deviated more than 10% from the previous 
parameters experiments were terminated. 
6.3. Molecular modeling methods 
Mapping the conformational spaces of ligands was 
carried out with an energy window high enough to 
include the putative bioactive conformation. Each con-
former set was next provided for a DISCO analysis. All 
calculations were performed on a Silicon Graphics 
INDY R4400 workstation by utilizing Tripos' SYBYL 
molecular modeling software. 
6.3.1. Molecular conformations 
Starting structures were drawn by Sketch Molecule 
option, and geometry optimizations were carried out 
with Tripos force field. 
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Sets of conformations of all compounds were gener-
ed by Multisearch option in DISCO interface. This 
nformer generator, like Randomsearch, searches vari-
is energy minima available to a molecule by randomly 
rturbing torsions, followed by minimisation and, 
tally eliminating duplicates. In Multisearch method, 
rsions are limited to those which can change the 
ternal geometry of atoms that determine DISCO fea-
res. Therefore, in connection with a DISCO confor-
ition is not necessarily identical with the lowest energy 
nformation, energy cutoff was set relatively high value 
5 kcal/mol). Searches were done with the following 
.rameters: 
Analysis, the Multisearch method seems to be supe-
>r over Randomsearch that does not check distances 
features. 
In our cases, computations were always stopped after 
|Q conformations have been found, since DISCO was 
nited to study less than 100 conformations of each 
mpound. Since bioactive conformation is not neces-
rily identical with the lowest energy conformation, 
ergy cutoff was set relatively high. Searches were done 
th the following parameters: 
IESCREENING: 
inimizer: Maxmin 
Jtoff: 15 kcal/mol 
axmin RMS Gradient: 3.0 
3RMINATION: 
ax. Cycles: 3000 
ax. Conformers: 100 
axmin RMS Gradient: 0.05 
DNFORMER COMPARISON: 
ethod: Fit 
'iteria: Max. Distance 
aviation Limit: 0.40. 
3.2. DISCO analysis 
Using scan rows for reference option of DISCO, 
mbasilide was offered as reference with the summary 
possible model components: one donor atom (DA), 
te acceptor site (AS), three donor sites (DS), two 
ceptor atoms (AA) and four hydrophobe rings (Hyd). 
MSCO as a rule, selects the reference molecule with the 
ist number of possible points for superposition and 
least number of conformations.) These class features 
were found common in all structures. 




Do 3 To 8 
DISTANCE TOLERANCE 
Coarse Fit (range of tolerance was varied between 0.5 
A- 5.0 A) 
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Vbstract 
The cellular electrophysiological effect of azimilide ( 0 . 1 - 3 0 pM) was analyzed in canine ventricular preparations by applying the 
tandard microelectrode and patch-clamp techniques at 37 °C. In papillary muscle, the drug prolonged the action potential duration (APD) in 
i concentration-dependent manner at a cycle length (CL) of 1000 ms. In Purkinje fibers, at the same CL, the concentration-dependent 
engthening of the APD was observed in the presence of up to 3 pM azimilide (at 3.0 pM: 24.1 ± 4.2%, n = 9); at higher drug concentration, 
to further APD prolongation was observed. Azimilide lengthened APD in a reverse frequency-dependent manner in papillary muscle and 
'uikinje fibers alike. Azimilide (10 pM) caused a rate-dependent depression in the maximal upstroke velocity of the action potential ( F m a x ) in 
tapillary muscle. The time and rate constants of the offset and onset kinetics of this Fm a x block were 1754 ± 267 ms (n = 6) and 5.1 ± 0 . 4 
teats (n = 6), respectively. Azimilide did not prevent the APD shortening effect of 10 p M pinacidil in papillary muscle, suggesting that the 
lrug does not influence the ATP-sensitive K + current. Azimilide inhibited the rapid (7^) and slow component (/K s) of the delayed rectifier K + 
:urrent and the L-type Ca2 + current (7Ca). The estimated ECSO value of the chug was 0.59 pM for 7 ^ , 0.39 p M for 7KT and 7.5 pM for 7Ca- The 
ransient outward (7to) and the inward rectifier (7kl) K + currents were not influenced by the drug. It is concluded that the site of action of 
zimilide is multiple, it inhibits not only K + (7^, ¡ks) currents but, in higher concentrations, it also exerts calcium- and use-dependent sodium 
hannel block. 
5 2003 Elsevier Science B.V. All rights reserved. 
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I. In troduc t ion 
Since t he fa i lu re o f T h e C A S T (Ca rd i ac A r r h y t h m i a 
Suppression Trial) tr ial ( T h e C a r d i a c A r r h y t h m i a S u p p r e s -
ion Tr ia l ( C A S T ) I n v e s t i g a t o r s , 1989) , t h e in t e re s t in 
n t i a r rhy thmic d r u g d e v e l o p m e n t h a s b e e n sh i f t ed from 
i a + channe l b l o c k i n g agen t s to c o m p o u n d s w h i c h l eng then 
epolar iza t ion w i t h o u t in te r fe r ing w i t h t h e fas t N a + chan -
iels. M o s t o f these d r u g s inh ib i t v a r i o u s K.+ cur ren ts , in 
art icular , the d e l a y e d rec t i f ie r K. cu r ren t (7K) w h i c h has 
* Corresponding author. Department of Pharmacology and Pharmaco-
terapy, Albert Szent-Györgyi Medical Center, University of Szeged, Dom 
I 10, H-6720, Szeged, Hungary. Tel.: +36-62-545678; fax: +36-62-
44565. 
E-mail address: papp@phcol.szote.u-szeged.hu (J.Gy. Papp). 
t w o c o m p o n e n t s in ca rd iac ven t r i cu l a r m u s c l e o f va r ious 
spec ies , the r ap id ly (Jgf) a n d t he s l owly ( 7 ^ ) ac t iva t ing 
c o m p o n e n t s f l o w i n g t h r o u g h H E R G ( h u m a n ether-a-go-go-
r e l a t ed g e n e ) + M i R P ( m i n K - r e l a t e d p e p t i d e ) a n d L Q T 1 
( l o n g Q T l ) + m i n K c h a n n e l s , r e s p e c t i v e l y (Sangu ine t t i 
a n d Ju rk i ewicz , 1990; C h i n n , 1993; Gin tan t , 1995; Salata 
et al. , 1996; Li et al . , 1996) . T h e m a j o r i t y o f the ava i lab le 
c lass III an t i a r rhy thmic d r u g s exer t the i r e f f ec t s b y se lect ive 
b l o c k a d e o f 7kt , a n d t h e y p r o l o n g t he ac t ion po t en t i a l 
du ra t ion m o r e at l o w t h a n at h igh s t imula t ion rate. Th is 
e f f ec t w a s t e r m e d r eve r se frequency-dependency ( H o n d e -
g h e m a n d S n y d e r s , 1990) , w h i c h l imi t s t h e app l i ca t ion 
o f c lass III a n t i a r r h y t h m i c s s ince at l o w e r hear t rate, ex-
ces s ive p r o l o n g a t i o n o f t he ac t ion potent ia l dura t ion , espe-
cial ly tha t o f P u r k i n j e fibers a n d m i d m y o c a r d i a l ven t r icu la r 
m u s c l e (M-ce l l s -S icour i and A n t z e l e v i c h , 1991) , m a y cause 
314-2999/03/$ - see front matter © 2003 Elsevier Science B.V. All rights reserved 
oi: 10.1016/S0014-2999(03)01792-8 
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enhanced inhomogeneity of repolarization and induce early 
afterdepolarization (EAD) resulting in extrasystoles or life-
threatening torsade de pointes ventricular tachycardia. 
Most of the class i n antiarrhythmic drugs (D-sotalol, 
dofetilide, E-4031) are methansulphonanilide compounds, 
which inhibit selectively the channels. Azimilide (NE-
10064) is a chlorophenylfuranyl derivative which blocks 
both /KT and 7KS in therapeutic concentrations, and at higher 
concentration, it may influence other ionic currents and 
receptors as well (Salata and Brooks, 1997; Brooks et al., 
2001). Convincing clinical trials indicate die efficacy of 
azimilide in preventing atrial fibrillation, atrial flutter or 
paroxysmal supraventricular tachycardia (ASAP—Azimi-
lide Supraventricular Arrhythmia Program, Karam et al., 
1998; Connolly et al., 2001). Currently, a multicenter 
clinical trial has attracted attention in which the possible 
prevention by azimilide of sudden cardiac death and the 
reduction of mortality has been investigated in high-risk 
patients after myocardial infarction (ALIVE—Azimilide 
Post-Infarct Survival Evaluation trial; Camm et al., 1998). 
Recent report from this study showed that azimilide, 
in contrast to antiarrhythmics applied in the CAST and 
SWORD trials (Survival With Oral D-sotalol), did not in-
crease all cause mortality in post myocardial infarction 
patients with low left ventricular ejection fraction or in a 
subpopulation of patients at high mortality risk as defined 
by low heart rate variability (Camm et al., 2001). 
Although some valuable information regarding the elec-
trophysiological effects of azimilide is available, knowledge 
of the exact cellular electrophysiological mechanism of the 
action of this compound is still incomplete. Therefore, the 
recent encouraging clinical results prompted us to further 
analyse the in vitro electrophysiological effect of azimilide 
at various concentrations in different canine heart prepara-
tions in order to better understand and characterize the mode 
of action of this promising new antiarrhythmic agent. 
2. Methods 
2.1. Conventional microelectrode measurements 
Adult mongrel dogs of either sex weighing 8 - 1 6 kg 
were used. The animals were kept, treated and the ex-
periments were carried out under conditions delineated in 
the Guidelines of the Committee on Animal Research 
(CAR), University of Szeged, Hungary, which complies 
with the European Community Guidelines for the use of 
experimental animals. 
Following anaesthesia induced by sodium pentobarbital 
(30 mg/kg i.v.), each heart was rapidly removed through a 
right lateral thoracotomy and immediately rinsed in oxy-
genated modified Locke's solution containing (mM/1): NaCl 
128.3, NaHC03 21.4, KC1 5.0, D-glucose 10.01, CaCl2 1.8, 
MgCl2 0.42. The solution pH ranged from 7.35 to 7.45 
when gassed with 95% 0 2 - 5 % C 0 2 at 37 °C. Purkinje 
strands obtained from either ventricle and right ventricular 
papillary muscle tips were mounted individually in a tissue 
chamber (volume ~ 40 ml). Each preparation was stimu-
lated (HSE stimulator type 215/11) initially at constant cycle 
length (CL) of 1000 ms (frequency 1 Hz) using rectangular 
constant current pulses of 2 ms in duration. Transmembrane 
potentials were recorded using conventional 5 - 2 0 Mil, 3 
M KCl-filled microelectrodes connected to the input of a 
high impedance electrometer (Biologic Amplifier VF 102, 
Claixe, France). The first derivative of transmembrane 
voltage with respect to time (Fmw!) was electronically ob-
tained (Biologic Differentiator DV 140, Claix, France). 
The maximum diastolic potential (resting potential [RP] 
in papillary muscle and maximal diastolic potential [MP] in 
Purkinje fibre), action potential amplitude (APA), conduc-
tion time (CT) and action potential duration at 50% and 90% 
of repolarization (APD50 and APDgo) were automatically 
measured using a software developed in our laboratory 
(Hugo Sachs Elektronik, March-Hugstetten, Germany; 
Action Potential Evaluation System) running on a 386 
microprocessor-based, IBM compatible computer, contain-
ing ADA 3300 analog-to-digital data acquisition board 
(Real Time Devices, PA, USA) with a maximum sampling 
frequency of 40 kHz. 
Extrastimuli were used to study foe recovery of Fm»* 
from the inactivation (offset kinetics of Fjnax block): after 
foe 40th striking of foe basic stimulation (Si), an extrasti-
mulus (S2) was applied and foe Si~S2 coupling interval was 
increased progressively from foe end of the refractory 
period. The diastolic intervals preceding the test action 
potential were measured from foe point corresponding to 
90% of repolarization of foe preceding basic beat to the 
upstroke of foe test action potential and were increased from 
- 10 to 7000 ms progressively. 
The development of frequency-dependent Fmax block 
(onset kinetics) was studied in canine ventricular muscle 
by introducing a stimulus train of 40 beats at a cycle length 
of 400 ms after a 60-s rest period. 
2.2. Patch-clamp measurements 
2.2.1. Cell isolation 
Ventricular myocytes were enzymatically dissociated 
from hearts of mongrel dogs as described previously (Varro 
et al., 2000). 
2.2.2. Experimental procedure, drugs and solutions 
The membrane currents were recorded in foe whole-cell 
configuration of foe patch-clamp technique at 37 °C. 
HEPES buffered Tyrode's solution served as the normal 
bath solution (composition in mM: NaCl 144, NaH2P(>4 
0.33, KC1 4.0, CaCl2 1.8, MgCl2 0.53, glucose 5.5 and 
HEPES 5.0 at pH of 7.4). The cell capacity was measured 
by integration of foe capacitive transient divided by foe 
amplitude of foe voltage step (10 mV). When measuring K+ 
currents, nisoldipine (1 pM) (obtained as a gift from foe 
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fable 1 
Concentration-dependent effect of azimilide on different parameters of the action potential in canine right ventricular papillary muscle and in canine Purkinje 
fibre at stimulation rate of 1 Hz 
Papillary muscle Control 0.3 pM Control 3.0 pM Control 10.0 pM 







247.9 ± 6.5 
216.4 ± 7.0 
109.5 ± 1.3 
218.4 ± 18.6 
5.0 ± 0.2 
- 84.2 ± 0.7 
257.3 ± 6.8* 
226.6 ± 6.6* 
109.6+1.2 
220.6 ± 19.4 
5.1 ± 0.2 
- 84.5 ± 0.6 





-84 .1 ±0.6 
273.0 ±8.1* 
240.9 ± 7.8* 
107.1 ±1.1* 
210.2 ± 15.3 
5.2 ± 0.2 
-85 .1 ±0.4 
248.3 ± 9.1 
218.0 ±9.0 
110.4 ±1.7 
191.3 ± 7.0 
5.2 ± 0.3 
- 83.6 ± 0.6 
293.1 ±14.2* 
258.6 ± 14.2* 
106.4 ±2.1 
166.6 ±9.2* 
5.9 ± 0.3* 






r r (ms) 
dP (mV) 
326.6 ± 19.2 
225.6 ± 16.6 
118.4 + 0.8 
737.3 ± 29.9 
2.9 ± 0.3 
- 84.6 ± 0.6 
356.6 ±19.7* 
237.9 + 17.3 
117.6 ±0.9 
737.8 ±38.1 
2.8 ± 0.4 
- 85.7 ± 0.7 
329.8 ± 17.4 
229.9 ±15.2 
118.8 ±0.7 
743.0 ± 25.5 
2.9 ± 0.3 
-85 .2 ±0.5 
405.3 ± 16.0* 
202.1 ± 25.0 
114.3 ± 1.5* 
696.3 ± 39.3 
3.5 ± 0.3* 
- 86.6 ± 0.5 




3.1 ± 0.3 
- 85.4 ± 0.5 




3.6 ± 0.5 
-86 .1 ±0.6 
vlean ± S.E.M. 
i = number of experiments. 
SPD50 9o = action potential duration at 50% and 90% of repolarization. 
VPA= action potential amplitude, 
'„ax = maximal rate of depolarization. 
IT = conduction time. 
IP = resting potential. 
rlP = maximal diastolic potential. 
*p<0.05. 
layer, Leveikusen, Germany) was placed in the external 
olution to eliminate inward Ca2 + current (/ca), the internal 
pipette) solution contained (in mM): K-aspartate 100, KC1 
15, ATP 3, MgCl2 1, EGTA 10 and HEPES 5 (pH 7.2 by 
COH). The rapid (/«y) and slow (Iks) components of the 
lelayed rectifier K+ current were separated by using the 
elective /Rs channel blocker E-4031 (1 pM) or the /RS 
hannel blocker chromanol 293B (30 pM). When Ca2 + 
urrent was measured, the pipette solution contained (in 
nM): CsCl 110, CsOH 40, EGTA 10, HEPES 10, TEAC1 
10, ATP 5 (pH was adjusted to 7.2 by CsOH). 
Azimilide (NE-10064, Procter & Gamble Pharmaceuti-
c s , USA) was diluted from a 1 mM and dofetilide (Drug 
Research Institute, Budapest, Hungary) from a 10.0 mM 
tock solution containing 50% DMSO (dimethyl sulfoxide), 
and concentrations ofO.l , 0.3, 0.5, 1.0, 3.0, 10.0 and 30 pM 
of the drug were used for conventional microelectrode and 
patch-clamp measurements. 
2.3. Statistical analysis 
All data are expressed as mean ± S.E.M. Statistical anal-
ysis was performed using Student's /-test for paired data. The 
results were considered significant whenp was <0.05. One-
and two-exponential equations were used to calculate the 
recovery kinetics of Fmax block in control and azimilide 
group, respectively. The actual value of the V^n ( F ^ , ) 
corresponding to each diastolic intervals was compared to 
that plateau value (Fmaxpi) which was observable at the 
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ig. 1. The reverse frequency-dependent repolarization lengthening effect of azimilide (3.0 pM) and dofetilide (300 nM) in papillary muscle and Purkinje fibre. 
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Fig. 2. The frequency-dependent decrease of the maximal rate of depolarization ( l / ^ J in the presence of different concentrations of azimilide in right 
ventricular papillary muscle and Purkinje fiber (panel A). The kinetics of recovery from inactivation in control conditions and in the presence of 10 pM 
azimilide in papillary muscle (top). The onset kinetics of the Kmax block (bottom) after 3 pM azimilide in papillary muscle (panel B). 
was estimated by fitting of exponential equations. One-
exponential equation (Fmaxt = Fmaxpi + VmaxA*e<-~,/T)) for 
the control group and two-exponential equation (Fmax ,= 
Tmaxpi + ^ m a x A f * e ( " '"f) + VmaAs*e^ " f o r the azimilide 
group were used where t means the diastolic interval, r the 
time constant (tf for the fast and r s for the slow component), 
ImaxA foe increasing component (Fm a x A f for the fast and 
PmaxAs for the slow). 
3. Results 
3.1. Action potential measurements 
Table 1 contains the concentration-dependent effects of 
azimilide on different action potential parameters at a 
stimulation rate of 1 Hz in right ventricular papillary muscle 
and Purkinje fibre. 
In papillary muscle, the drug significantly lengthened the 
APD90 and APD50 at each concentration. In the presence of 
3 pM azimilide, APA decreased and CT increased. Fmax was 
significantly decreased by the highest concentration (10 
pM) of azimilide. In Purkinje fibers, APD90 was signifi-
cantly increased by the drug at each concentration but 
A P D 5 0 was shortened at higher concentrations. Also, the 
voltage level during the plateau phase was shifted to the 
negative direction. APA was considerably decreased by 3 
and 10 pM azimilide. Fmax was decreased significantly by 
the highest concentration of the drug. CT was significantly 
lengthened by 3 pM azimilide. 
Fig. 1 (left) demonstrates the frequency-dependent repo-
larization lengthening effect of 3.0 pM azimilide in papillary 
• control 
• 10 jiM pinacidil 
• control 
• 3.0 |iM azimilide 
I 3.0 jiM azimilide * 10.0 jiM pinacidil 
Fig. 3. Lack of effect of azimilide on the ATP-sensitive K+ cuirent Azimilide at concentration of 3 jxM did not prevent the APD shortening effect of 10 pM 
pinacidil in right ventricular papillary muscle. 
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muscle and Purkinje fibre. The effect on APD is more 
pronounced at lower than at higher stimulation rate and this 
reverse rate-dependent effect of the drug is more prominent 
in Purkinje fibers. 
In Fig. 1 (right), for comparison, the effect of the 
»elective Igj blocking "pure" class III antiarrhythmic corn-
round dofetilide on the rate-dependent APD in dog right 
Dapillary muscle and Purkinje fibers is also demonstrated. 
Dofetilide (300 nM) induced marked reverse rate-dependent 
\ P D prolongation in both ventricular muscle and Purkinje 
fibers. It is important to note that dofetilide enhanced 
nhomogeneity of repolarization between ventricular muscle 
tnd Purkinje fibers much more than observed with azimi-
ide. 
As Fig. 2A shows, the Fmax was decreased in a fre-
quency-dependent manner in both papillary muscle and 
'urkinje fibers after superfusion with increasing concentra-
ions of azimilide. 
The offset and onset kinetics of Fmax block in the 
tresence of 3 and 10 pM azimilide was studied in papillary 
nuscle. In control conditions, F ^ « recovered almost com-
tletely from the inactivation at the first 50 ms of the 
liastole, but after application of azimilide (10 pM), its 
ecovery was substantially slowed. The complete recovery 
'f Fmax from the inactivation took more than 2 s which 
esulted in a slow component of the Fmax recovery curve 
vith a time constant of 1.754 ± 267 ms (n = 6) correspond-
ng to the offset kinetics of the drug. The rate constants of 
he onset kinetics of the Fmax block after 3 pM azimilide 
vas 5.1 ± 0.4 beats (TI = 6) (Fig. 2B>. 
The possible effect of azimilide on the ATP-sensitive K+ 
:urrent was studied in papillary muscle by opening of the 
(TP sensitive K+ channels by 10 pM of pinacidil which in 
urn shortens the action potential duration (by 31.9 ± 3.4%, 
i = 5, at a stimulation rate of 1 Hz). Upon washout of 
linacidil from the tissue bath, the APD shortening returned 
o the baseline value. When 3 pM of azimilide was given to 
he tissue bath, the APD90 was lengthened by 12.9 ± 3.0%. 
n the continuous presence of azimilide, repeated exposure 
o 10 pM pinacidil resulted in an APD90 shortening effect 
32.2 ± 4.5%) similar to that measured before azimilide 
pplication, suggesting that the ATP-sensitive K+ channels 
/ere not influenced by azimilide (Fig. 3). 
1.2. Effects on transmembrane ionic currents 
The possible effects of 1 pM azimilide superfusion on the 
low (7ks) and rapid (7^) components of the delayed 
sctifier outward K+ current were also investigated. In these 
leasurements, the extracellular solution contained 1 pM 
isoldipine to completely block 7Ca. 
The Iks and 7 ^ currents were activated from the holding 
otential of - 40 mV with 1 s (7^) and 5 s (Igff long de-
olarizing test pulses of — 20 to 50 mV at pulse frequency 
f 0.05 Hz (/«j.) and 0.1 Hz (7^). The amplitude of the tail 
urrent measured upon returning to the holding potential 
1000 ms 60 mV 
-20 mV 
* * * * * * 
control 
. 11 pM azimilide 
0pA_ 
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Fig. 4. Effect of azimilide on the rapid component (7K,) of the delayed 
rectifier K+ current (panel A). Representative current traces under control 
conditions and after application of 1 pM azimilide (left). Current-voltage 
relationship of 7K, under control conditions and in the presence of 1 pM 
azimilide (right). The current was activated by 1000 ms long depolarizing 
voltage pulses from holding potential of - 4 0 mV to various test 
potentials ranging from — 20 to 50 mV in 10-mV increments (top left). 
Effect of azimilide on the slow component (7K») of the delayed rectifier K* 
current (panel B). Representative current traces under control conditions 
and after application of 1 pM azimilide (left). Current-voltage relationship 
of 7K» under control conditions and in the presence of 1 pM azimilide 
(right). The current was activated by 5000 ms long depolarizing voltage 
pulses from holding potential of - 4 0 mV to various test potentials 
ranging from - 2 0 to 50 mV in 10-mV increments (top left). Effect of 
azimilide on L-type Ca2+ current (7Ca) (panel A). Representative current 
traces under control conditions and after application of 10 pM azimilide 
(left). Current-voltage relationship of 7Ca under control conditions and in 
the presence of 10 pM azimilide (right). The current was activated by 400 
ms long depolarizing voltage pulses from holding potential of — 40 mV to 
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Fig. 5. Concentration-response relationship of the azimilide evoked /kt, I^s 
and /Ca block. 
was used to define 7 ^ and 7 ^ To study the effect of 
azimilide on 7^ , 3 - 5 pM E-4031 was used to block 7 ^ 
When the effect of azimilide on IK l was measured, 30 pM 
chromanol 293B was used to block 7^ . As Fig. 4B shows, 1 
pM azimilide significantly decreased the amplitude of the 
IKs tail current, and the same applies to the 7 ^ tail current 
(Fig. 4A). The magnitude of the Iks and 7m depression were 
58.4 ± 5.2 % and 70.4 ± 5.3 %, respectively (at 50 mV test 
potential from 473.9 ± 80.4 pA to 183.7 ± 26.6 pA, n = 6, 
p < 0.05 for 7m and at 30 mV test potential from 118.3 ± 
37.0 pA to 31 .3+7 .8 pA, n = 5,p<0.05 for 7m). 
L-type inward Ca2 + current ( h f ) was evoked by 400 ms 
long depolarizing test pulses (ranging from — 40 to 55 mV) 
from — 40 mV holding potential. The amplitude of 7ca was 
defined as the difference between the peak inward current at 
the beginning of the pulse and the current at the end of the 
pulse. In these measurements, the KC1 content of the pipette 
was replaced by CsCl to suppress K+ currents. As Fig. 4C 
shows, 10 pM azimilide, after 3 - 5 min superfusion, largely 
decreased 7Ca. The magnitude of the 7Ca depression at 0 mV 
was 57.5 ± 4.0 % (from - 860.3 ± 102.3 to - 377.8 ± 70.8 
pA, /z=4, p<0.05), which was only partially reversible 
even after 10 min washout. 
In Fig. 5, the concentration-response relationship of 
the azimilide-evoked 7m, 7m and 7Ca block is displayed. 
The estimated E C 5 0 value was 0.59 pM for 7m, 0.39 pM for 
7m and 7.5 pM for 7Ca. The effect of azimilide on the 
transient outward (7to) and inward rectifier (7kl) K+ currents 
was also investigated and azimilide, even at high concen-
tration (10 pM), did not apparently influence 7to and 7kl 
currents. 
4. Discussion 
The main finding of our study is to show that azimilide 
exerts multiple electrophysiological effects which are as 
follows: (a) reverse rate-dependent APD prolongation and 
use-dependent Na+ channel block, (b) inhibition of both 
rapid and slow delayed rectifier K+ currents and the inward 
Ca2 + current without affecting the inward rectifier, transient 
outward and ATP-sensitive K+ channels. 
We applied azimilide in the concentration range of 0.1 -
30 pM. These concentrations are either within or exceeding 
the therapeutic range and were, in part, also applied earlier 
by other in vitro experiments (Salata and Brooks, 1997). 
The efficacy of azimilide to prevent recurrent atrial 
fibrillation, atrial flutter and paroxysmal supraventricular 
tachycardia (SVT) was investigated in more than 1000 
patients randomly assigned to receive placebo or escalating 
doses of oral azimilide for 6 - 9 months (Pritchett et al., 
1999a,b; Connolly et al., 1999). In preliminary data on the 
first 367 patients with atrial fibrillation or atrial flutter 
randomly assigned to placebo or azimilide, a significant 
reduction was shown at the higher dose level in median time 
to arrhythmia development. In other analysis of three trials 
of atrial fibrillation and atrial flutter examining 906 patients, 
azimilide significantly prolonged the hazard ratio for 
arrhythmia recurrence. 
The effect of azimilide was also evaluated in patients 
with paroxysmal SVT. Azimilide significantly prolonged 
the arrhythmia-free interval (Page et al., 1999, 2002). The 
overall incidence of torsade de pointes in the supraventric-
ular tachycardia studies has been less than 0.8%. 
Azimilide is also being studied as prophylaxis in 
patients with recent high-risk myocardial infarctions. 
The Azimilide Post-Infarction Survival Evaluation Trial 
(Camm et al., 1998, 2001; SoRelle, 2001) is a large, 
multinational study comparing azimilide and placebo in 
the reduction of mortality in patients with recent (within 
21 days) myocardial infarctions who have low left ven-
tricular ejection fraction (15-35%) and were defined to 
be at risk for sudden death. The study enrolled 3381 
patients, and investigators are encouraged to maximize 
use of angiotensin-converting enzyme inhibitors and [i-
blockers (75% of patients were treated with (3-blockers). 
Azimilide did not affect all cause mortality in recent post 
myocardial patients with low left ventricular ejection 
fraction or in a subpopulation of patients at high mortality 
risk as defined by low heart rate variability. Additionally, 
fewer patients developed atrial fibrillation or atrial flutter 
on azimilide compared to placebo. These data provide 
further support for the development of azimilide as a 
treatment for atrial arrhythmias in patients with structural 
heart disease. 
Previous investigations yielded conflicting results regard-
ing the effect of azimilide on the rate-dependent APD 
prolongation. Our results are in good agreement with the 
data published by Gintant (1994), Mcintosh et al. (1994), 
Fermini et al. (1995) and Yao and Tseng (1997) but different 
from those reported by Qi et al. (1996, 1999) and Restivo et 
al. (1996) who found that the azimilide-evoked APD length-
ening was rate-independent. It is possible that the latter 
investigators did not study the effect of azimilide at stim-
ulation frequency lower than the expected physiological 
heart rate. 
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We first demonstrated that azimilide ( 3 - 1 0 pM) de-
creased VOMX in papillary muscle and Purkinje fibers use-
dependently. This is consistent with some earlier reports 
which showed inhibition of die Na+ channel by the drug 
(Conder et al., 1994; Bril et al., 1996; Yao and Tseng, 1997). 
The offset kinetics of the Fmax block by azimilide was also 
first determined in the present study, which can be regarded 
as intermediate kinetics between Class I/A and I/B actions. 
In our study, azimilide concentration-dependently blocked 
the rapid and slow component of the delayed rectifier K+ 
current which is consistent with some earlier findings (Fer-
mini et al., 1995; Salata et al., 1996; Yao and Tseng, 1997; 
Gintant, 1998). In our hands, the effect of azimilide on 
/ca was stronger (EC50 of 7.5 pM for 7Ca) than that measured 
by Yao et al. (ECso of 17.8 pM) which suggests that 
this subsidiary effect may considerably contribute to 
the antiarrhythmic profile of the drug. Our observation 
that azimilide does not prevent the repolarization shor-
tening effect of pinacidil has not been described previously 
and strongly suggests that the drug, even at high concen-
tration (10 pM), does not influence the ATP-sensitive K+ 
current. 
The reverse frequency-dependence of class III antiar-
rhythmic agents may limit their therapeutic use because of 
its reduced effectiveness at rapid frequencies and enhanced 
proarrhythmic potential at slow rates as a consequence of 
excessive action potential prolongation. This can increase 
inhomogeneity of repolarization and produce early after-
depolarization (EAD). In the present study, although azimi-
lide produced reverse rate-dependent APD prolongation in 
both papillary muscle and Purkinje fibers, this effect was 
less marked than that evoked by 300 nM dofetilide, which is 
known to block selectively I I t is also an important 
difference that the inhomogeneity of repolarization between 
ventricular muscle and Purkinje fiber was much less with 
azimilide than after application of dofetilide. This is prob-
ably due to the inhibition by azimilide of the /Nb and 7c«. 
Similar mechanism was postulated with amiodarone, a drug 
which lengthens repolarization, but like azimilide, inhibits 
7Ca and 7Na (Kodama et al., 1999; Papp et al., 1996). It has 
also been shown that reverse rate dependency of action 
potential prolongation induced by class m agents could be 
reduced by the simultaneous administration of Ca z +channel 
antagonists (Bril et al., 1998) and Na+ channel blockers 
(Varró and Lathrop, 1990). In addition, these drugs could 
inhibit drug-induced afterdepolarizations (Nattel and 
Quantz, 1988; Vairo and Lathrop, 1990) at slow stimulation 
rates so that the incidence of torsade de pointes type 
polymorphic ventricular arrhythmias would also be de-
creased. Therefore, the Na+ channel and L-type Ca2 + 
current blocking effect of azimilide could attenuate the 
prolongation of repolarization in Purkinje fibers produced 
by K+ channel blockade without a marked effect on the 
conduction velocity at normal heart rate as observed pre-
viously with amiodarone (Papp et al., 1996). This complex 
electrophysiological effect of azimilide seems similar, in 
many ways, to that of amiodarone and may explain the 
reduced proarrhythmic potential found with azimilide 
(Camm et al., 2001). 
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